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PREFACE  TO  THE  SECOND  EDITION. 


The  former  issue  of  this  work  having  been  exhansted,  the  present 
revised  edition  was  commenced  under  the  conditions  indicated  on 
the  title-page,  and  had  proceeded  far  towards  completion  when, 
to  ihe  extreme  regret  of  a  large  circle  of  personal  and  professional 
firiends,  the  Author  died  suddenly  on  the  morning  of  January  5, 
1887,  having  been  engaged  upon  the  work  of  revision  to  within 
a  very  few  hours  of  his  lamented  decease. 

The  whole  of  the  manuscript  was  at  that  time  in  the  printer's 
hands,  and  the  work  has  been  completed  with  no  more  alteration 
than  would,  in  the  opinion  of  his  coadjutor,  have  been  adopted  by 
the  Author  himself  had  he  survived  to  complete  his  work. 

The  progress  of  iuvention  in  all  branches  of  metallurgical 
industry  during  the  last  ten  years  has  necessarily  led  to  an  en- 
largement of  the  volume,  which  has  been  increased  in  the  text 
from  789  to  817  pages,  and  in  the  number  of  illustrations  from 
205  to  232,  although  some  considerable  reductions  have  been  made 
by  the  suppression  of  matter  and  illustrations  either  obsolete  or 
unsuited  to  present  conditions  contained  in  the  former  edition. 

The  largest  alterations  have,  as  might  be  expected,  been  made 
in  the  section  devoted  to  Iron,  but  many  notable  additions  wUl 
also  be  found  under  the  heads  of  Copper,  Lead,  Silver,  and  Gold, 
dealing  with  the  newer  developments  in  processes  for  the  smelt- 
ing and  extraction  of  these  metals  from  their  ores.  It  was 
originally  intended  to  have  entered  at  some  length  upon  the 
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subjects  of  gaseous  fuel  and  firing  in  their  newer  developments, 
but  as  tliis  could  only  be  done  by  trenching  upon  the  space 
required  for  the  more  immediate  purpose  of  the  book,  namely, 
the  description  of  smelting-processes  proper,  the  intention  has 
been  abandoned,  although  not  without  some  regret. 

In  the  revision  Of  the  text,  notices  have  been  removed  of 
several  processes  which  have  either  failed  in  practice  or  become 
obsolete ;  but  those  coming  within  the  latter  category,  that  are 
either  of  historical  interest' or  form  the  bases  of  subsequent 
developments,  have  been  retained. 

LoNBON,  AprH  20,  1887. 
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The  First  Edition  of  the  Authors  *  Manual  of  Metallurgy' 
appeared  in  1852,  the  second  in  1854,  and  the  third  in  1858. 
Up  to  the  last  of  these  dates  no  other  work  on  this  subject  had 
been  published  in  England ;  bat  we  have  since  had  the  excellent 
volumes  of  Dr.  Percy,  and  a  translation  of  Professor  Kerl's 
Metallurgy,  with  additions,  by  Messrs.  Crookes  and  Bohrig. 

A  treatise  on  the  *  Metallurgy  of  Iron,'  by  W.  Truran,  is  also 
before  the  public,  as  well  as  an  admirable  manual  on  the  same 
subject  by  H.  Bauerman ;  two  small  but  useful  volumes  on  the 
Metallurgy  of  Copper,  Lead,  and  Silver,  by  Dr.  R.  H.  Lambom, 
forming  a  portion  of  *  Weale's  Rudimentary  Series,'  and  various 
other  works  of  a  somewhat  similar  character,  have  from  time  to 
time  been  published  within  the  last  fifteen  years. 

The  student  has,  therefore,  within  his  reach  a  considerable 
number  of  metallurgical  books  in  the  English  language ;  but 
some  of  them  are  large  and  consequently  expensive,  while  others 
confine  themselves  to  the  metallurgy  of  one  of  the  metals  only. 
No  well-illustrated  treatise  in  a  single  volume  has,  however, 
appeared,  describing  with  any  considerable  detail  the  metallur- 
gical operations  relating  to  all  the  principal  metals,  and  at  the 
sione  time  serving  as  an  introduction  to  the  general  literature 
of  metallurgy. 

The  object  of  the  present  work  is  to  supply,  within  moderate 
limits,  such   practical   information    on   general   principles,   and 
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typical  processes,  as  may  not  only  afford  a  comprehensive  view 
of  the  subject,  bat  also  enable  the  reader  to  study  with  advantage 
more  elaborate  treatises  and  original  memoirs.  The  information 
generally  is,  as  far  as  practicable,  brought  up  to  the  present 
time.  In  order  to  do  this,  various  works  on  metallurgy,  as  well 
as  numerous  papers  dispersed  through  the  different  English  and 
foreign  scientific  journals,  have  been  consulted.  Becourse  has 
also  been  had  to  notes  which,  during  the  last  twenty  years,  have 
been  made  by  the  Author,  both  at  home  and  abroad.  These 
principally  refer  to  the  Metallurgy  of  Copper,  Lead,  Silver,  and 
Gold. 

In  the  case  of  each  of  the  more  important  metals,  the  different 
ores  from  which  they  are  respectively  obtained  are  enumerated 
and  described,  while  statistics  of  their  distribution  and  production 
in  various  parts  of  the  world  are  also  added.  Much  information 
relative  to  the  distribution  of  iron  ore  has  been  derived  from 
Bauerman's  '  Metallurgy  of  Iron ' ;  in  the  case  of  the  other  metals 
the  statistics  have  either  been  obtained  from  official  sources,  or 
compiled  from  the  most  trustworthy  information  available.  For 
returns  relative  to  the  production  of  France  and  of  the  United 
States  of  America,  we  are  indebted  respectively  to  Professor 
Daubrde,  of  the  £cole  des  Mines,  Paris,  and  to  Professor  B. 
Silliman,  of  Yale  College,  Connecticut. 

A  great  difficulty  experienced  in  collecting  statistics  relative 
to  the  metal-production  of  the  world  arises  from  the  fact  that 
ores  raised  in  one  country  are  frequently  subjected  to  metallurgical 
treatment  in  another,  and  the  produce  is,  in  the  majority  of 
instances,  returned  by  both. 

Allowance  for  such  double  returns  has,  when  practicable,  been 
made,  but  the  complete  elimination  of  error  arising  from  this 
cause  would  be  exceedingly  difficult.      Sometimes   no   precise, 
figures  have  been  available,  and  in  such  cases  estimates  founded 
on  the  best  procurable  data  have  been  substituted. 
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Both  ihe  wet  and  dry  methods  of  assaying  are  given  with 
considerable  detail,  and  When,  as  in  the  case  of  ironstones,  the 
valne  of  an  ore  is  materiaUy  affected  by  the  nature  and  quantity  of 
the  impurities  present,  the  processes  employed  for  their  detection 
and  estimation  are  ftiUy  described. 

The  principal  works,  in  addition  to  those  already  mentioned,  to 
which  the  Author  wishes  to  acknowledge  his  obligations,  are  the 
following  :  Gruner  and  Lan, '  Mdtallurgie  du  Fer  en  Angleterre,' 
published  in  the  Annalea  des  Mines  ;  Gruner, '  De  TAcier  et  de  sa 
Fabrication,'  also  published  in  the  Annalea  des  Mines;  Jordan, 
'  M^tallurgie  du  Fer  au  pays  de  Siegen,'  published  in  De  Kuyper's 
Bevue  Vhiverselle ;  Dana's  *  System  of  Mineralogy,'  and  Watts's 
'  Dictionary  of  Chemistry.'  Many  other  books  and  papers  haye 
necessarily  been  consulted ;  but  the  several  sources  from  which 
information  has  been  derived  will  be  found  duly  acknowledged  in 
the  text. 

Of  the  illustrations  a  large  number  are  new,  and  have  been 
reduced  by  Mr.  W.  J.  Welch  from  working  drawings,  a  few  only 
having  been  retained  from  the  ^  Manual  of  Metallurgy.'  Some 
have  been  obtained  from  foreign  sources,  particularly  from  draw- 
ings published  by  the  Technical  Institute  of  Berlin  under  the 
title  of  ^Sammlung  von  Zeichnungen  far  die  Hiitte.'  Others 
have  been  reproduced  from  papers  published  in  the  Transactions 
of  various  societies;  a  few  have  been  reduced  from  Truran's 
drawings ;  and  some  six  or  eight  have,  with  the  kind  permission 
of  the  Author,  been  adapted  from  Percy's  *  Metallurgy.' 

The  woodcuts  have  been  drawn  to  scale,  and  a  sufficient 
number  of  dimensions  are  generally  given  to  render  easy  the 
determination  of  any  others  that  may  be  required. 

The  Author  has  much  pleasure  in  acknowledging  his  obliga- 
tions to  Mr.  W.  Hutchison  for  information  relative  to  lead- 
smelting  at  CouSron,  to  Professor  Ulrich  for  a  description  of  the 
process  employed  at  Oker  for  the  extraction  of  silver  and  gold 
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from  copper  by  sulphuric  acid,  and  to  Ober-Berg-  und  Htitten- 
Director  Leasdmer  for  drawings  of  the  large  blast-furnace  at 
Mansfeldy  and  for  valuable  information  relative  to  the  various 
processes  employed  in  that  establishment.  His  thanks  are  like- 
wise due  to  Mr.  F.  W.  Budler  for  his  able  assistance  during  the 
time  this  volume  has  been  passing  through  the  press. 


Gb]Bsinoton  Park,  Aiobubth, 
June,  1874. 
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ELEMENTS  OF  METALLURGY. 


INTRODUCTION. 

Mbtallubot  is  the  art  of  extracting  metals  from  their  ores  and  preparing 
them  for  the  uses  of  the  artizan  and  manufacturer.  A  knowledge  of  the 
principles  involved  in  the  treatment  of  metalliferous  substances  for  the 
metals  they  contain  constitutes  the  science  of  metallurgy.  The  various 
phenomena  observed  during  metallurgical  processes  relate  either  to 
chemistry  or  to  physics.  Mechanical  appliances  are  also  extensively  em- 
ployed by  the  metallurgist,  and  the  science  of  metallurgy  is  consequently 
founded  on  a  knowledge  of  chemistry,  physics,  and  mechanics. 

The  history  of  the  art  dates  from  the  most  remote  antiquity,  and  its 
fundamental  principles  had  been  discovered  and  applied  to  the  wants  of 
mankind,  long  before  the  existence  of  the  sciences  by  the  aid  of  which 
their  operations  have  since  been  explained.  Tubal-Cain  is  stated  to  have 
been  "  an  instructor  of  every  artificer  in  brass  and  iron."  i  In  the  days 
of  Moses,  at  least  six  metals  were  known,  since,  in  his  direction  for  the 
purification  of  the  spoils  of  the  Midianites,  he  says:  ''Only  the  gold, 
and  the  silver,  the  brass,  the  iron,  the  tin,  and  the  lead,  everything  that 
may  abide  the  fire,  ye  shall  make  it  go  through  the  fire,  and  it  shall  be 
clean." « 

That  silver  was  at  a  very  early  period  extracted  from  ores  of  lead  is 
apparent  from  the  following  passages,  which  evidently  refer  to  cupella- 
tion.  **  The  house  of  Israel  is  to  me  become  dross :  all  they  are  brass, 
and  tin,  and  iron,  and  lead,  in  the  midst  of  the  furnace ;  they  are  even 
the  droes  of  silver."  •  And  again,  "  The  bellows  are  burned,  the  lead  is 
consumed  of  the  fire ;  the  founder  melteth  in  vain ;  for  the  wicked  are 
not  plucked  away.  Reprobate  silver  shall  men  call  them,  because  the 
Lord  hath  rejected  them."  *  Strabo  quotes  Polybius  as  speaking  of  an 
ore  which,  after  being  washed  seven  times,  was  melted  with  lead  and 
became  pure  silver. 

In  speaking  of  gold,  which  was  probably  one  of  the  first  metals 
known,  Pliny  says :  "  In  these  parts  of  the  world  in  which  we  live,  gold 
mines  are  found,  to  say  nothing  of  India,  where  the  ants  cast  it  up  out 
of  the  ground,  or  that  which  the  griffins  gather  in  Scythia.  The  gold 
with  us  is  procured  in  three  ways.    Among  the  sands  of  some  gaeat  rivers, 

1  Gen.  iT.  22.  >  Nam.  zzzi.  22,  23,         >  Bzek.  xzii  18.  «  Jer.  ▼!.  29,  30. 
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snch  as  the  Tagus  in  Spain,  the  Po  in  Italy,  Hebrus  in  Thrace,  Pactolus 
in  Asia,  and  the  Indian  Ganges,  all  of  which  yield  gold.  Neither  is 
there  any  gold  finer  or  more  perfect,  from  being  thoroughly  polished  by 
the  rubbing  and  attrition  it  meets  with  in  the  courses  of  streams  of 
water.  There  is  another  method  of  obtaining  gold,  viz.,  by  digging 
it  out  of  pits  which  are  made  for  that  purpose,  or  else  in  caverns  and 
breaches  caused  by  the  fall  of  mountains.''  ^  He  goes  on  to  say, 
"  Other  minerals  after  their  extraction  require  fire  for  their  conversion 
into  metal ;  but  gold,  of  which  we  now  treat,  is  gold  as  soon  as  it  is 
found."  Again,  ^  Neither  rust  nor  canker  alters  the  weight  of  gold,  or 
afifects  in  any  way  its  quality.  Salt  and  vinegar,  though  such  active 
solvents,  do  not  make  the  least  impression  on  it"  He  states  that  "  with 
respect  to  its  purification  it  should  be  mixed  with  lead."  No  mention  is 
made  of  separating  gold  from  silver,  although  Pliny  observes  that  all 
gold  contains  more  or  less  silver,  and  adds  that  when  that  metal  is  in  the 
proportion  of  one-fifth,  the  alloy  is  called  dectrum.  There  were  anciently 
extensive  gold  mines  in  Thasos  and  other  Greek  islands.  Herodotus  tells 
us  he  had  himself  seen  the  mines  of  Thasos,  and  that  a  great  mountain 
had  been  overturned  in  searching  for  the  metal^ 

Gold  was  employed  in  Rome  for  the  purpose  of  fixing  artificial  teeth 
more  than  three  centuries  before  the  Christian  era,  and  a  law  of  the 
Twelve  Tables  makes  exception  with  regard  to  such  gold,  permitting  it 
to  be  buried  with  the  dead.'  The  remains  of  numerous  mines  have  been 
traced  by  Gmelin,  Lepechin,  and  Pallas,  on  the  southern  and  eastern 
borders  of  the  Ural  mountains  ;  and  in  them  were  found  hammers  and 
chisels  of  copper,  as  well  as  various  instruments  of  the  same  metal,  of 
which  the  uses  are  at  present  unknown.  From  the  absence  of  any 
remains  of  masonry  in  the  neighbourhood,  these  excavations  are  inferred 
to  have  been  made  by  a  nomadic  people,  probably  the  Scythians ;  and 
from  no  iron  tools  having  been  found  in  any  of  them,  we  may  conclude 
that  these  operations  were  carried  on  before  the  conquest  of  Siberia  by 
the  Tartars,  who  effected  the  subjugation  of  that  part  of  Asia  about  150 
years  before  our  era.^  Hammers  made  of  large  stones,  to  which  handles 
had  been  attached,  were  also  discovered,  together  with  boars'  fangs,  with 
which  tlie  gold  appears  to  have  been  collected,  and  leathern  bags  or 
pockets  in  which  it  was  preserved.  With  such  imperfect  tools,  the  pro- 
gress made  must  necessarily  have  been  slow,  and  in  one  instance,  after 
reaching  a  band  of  rock,  and  penetrating  it  for  a  short  distance,  the 
miners  seem  to  have  lost  patience  and  abandoned  the  works. 

Lumps  of  copper,  containing  no  traces  of  gold,  have  also  been  dis- 
covered, although  the  copper  ores  of  the  district  are  found  associated 
%vith  gold,  and  it  is  therefore  probable  that  the  ancient  people  who 
worked  these  mines  were  acquainted  with  a  method  of  separating  gold 
from  copper. 

1  Pliny,  Hist.  Kat.  xxxiii.  4.  >  Lib.  vi.  c.  47.  >  Cic.  de  Leg.  ii.  21. 

«  '  Hiltoire  Gin^ogiqae  det  Tartarei.*    • 
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Smelting  was  effected  in  small  furnaces  made  of  red  bricks.  Gmelin 
found  nearly  a  thousand  such  furnaces  in  the  eastern  parts  of  Siberia. 
The  height  and  breadth  of  these  were  each  about  two  feet,  and  the 
length  three.  They  were  furnished  with  holes  in  two  of  their  opposite 
sides,  the  one  for  the  introduction  of  a  blast,  and  the  other  for  the  escapo 
of  the  metal  and  slags.  In  the  neighbourhood  of  the  furnaces  were 
found  large  quantities  of  broken  pottery,  together  with  numerous  heaps 
of  scoriaB,  which  indicate  that  operations  to  a  very  considerable  extent 
had,  at  some  period,  been  carried  on  in  the  locality. 

Gmelin  likewise  found  in  the  same  district  the  remains  of  various 
furnaces  which  had  been  employed  for  the  extraction  of  silver,  and 
remarked  that  the  lead  with  which  it  was  associated  had  been  thrown 
away  in  the  scoriss,  whilst  the  whole  of  the  silver  was  carefully  ex- 
tracted. By  what  means  this  was  effected,  in  this  particular  case,  it  is  of 
course  now  impossible  to  determine,  although  it  is  highly  probable  that 
cupellation  in  some  form  was  resorted  to.  Diodorus  (iii.  14)  informs  us, 
that  gold  was  purified  by  being  melted  and  heated  in  earthen  pots, 
together  with  an  alloy  of  tin  and  lead,  to  which  salt  and  barley-bran 
were  added ;  and  that  the  fire  was  kept  up  during  five  successive  days. 
Hippocrates  states  that  gold  was  melted  by  a  gentle  fire,  with  the  addition 
of  salt,  nitre  and  alum,  and  that  the  same  process  was  employed  for 
refining  silver. 

Mercury  is  first  mentioned  by  Aristotle  and  Theophrastus  under  the 
name  of  fluid  silver  {&fiyv»oi  x*"'^^)  >  ^^*  i^  nature  does  not  appear  to 
have  been  well  understood  even  four  centuries  later,  since  Pliny  distin- 
guishes between  quicksilver,  argentum  mvum^  and  the  liquid  silver, 
hydrargyruB,  obtained  by  the  treatment  of  native  cinnabar.  The  latter  he 
supposes  to  be  a  spurious  imitation  of  quicksilver  and  a  fraudulent  sub- 
stitute for  it.^  With  regard  to  the  properties  of  quicksilver,  he  observes  : 
"  So  penetrating  is  this  liquor,  that  there  is  no  metal  but  it  will  eat  and 
pass  through.  It  supports  everything  which  may  be  thrown  into  it,  unless 
it  be  gold  only,  which  sinks  to  the  bottom.  It  is,  besides,  very  useful 
for  the  purpose  of  refining  gold ;  to  effect  which  object  that  metal  mixed 
with  cinders  is  placed  in  an  earthen  pot,  and  shaken  with  mercury,  whicU 
rejects  all  the  impurities  mixed  with  it,  but  in  return  takes  hold  of  the 
gold  itself.  To  expel  it  from  the  gold,  the  mixture  is  poured  on  skins, 
which,  on  being  pressed,  allow  the  mercury  to  pass  through  them  in  drops, 
whilst  the  gold  remains  in  all  its  purity."  ' 

The  above  process  differs  but  little  from  the  methods  in  general  use 
for  the  purposes  of  amalgamation  at  the  present  day ;  but  in  this  case 
Pliny's  description  is  imperfect,  inasmuch  as  the  solid  amalgam  remaining 
on  the  skins  would  require  the  separation  of  the  combined  mercury,  by  the 
aid  of  heat)  before  the  gold  could  exist  in  the  pure  and  fine  state  described. 

Tin  and  lead  appear  to  have  been  frequently  confounded  by  the 
ancients,  since  their  names  in  Hebrew,  Arabic,  Greek  and  Latin  are  often 
1  Hist  Nat,  zzxiii.  8, 1,  ^  Hist.  Nat.  zzxiii.  6. 
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indifferently  used.^  The  Greeks,  when  they  would  distinguish  the  two 
metals,  called  tin  »atfff/rf^o(,  and  lead  /toXujSdo;.  Pliny  appears  to  have 
regarded  them  as  two  varieties  of  the  same  metal,  as  he  describes  them 
under  the  titles  of  white  lead  and. black,  and  states  that  plumbum  can- 
didum,  called  by  the  Greeks  xatftf/ri^o^,  was  more  valuable,  and  com- 
manded a  higher  price  than  the  black  variety. 

His  description  of  plumbum  eandvlum^  and  the  state  in  which  it  was 
found,  leaves  no  doubt  that  this  much-valued  metal  was  tin ;  it  being 
represented  as  occurring  among  sand,  in  the  dried-up  beds  of  rivers, 
and  as  only  known  from  the  other  substances  with  which  it  was  found 
associated,  by  its  dark  colour  and  great  weight  '*  There  is  likewise  found 
in  the  gold  mines  a  kind  of  lead  ore  which  they  call  dutia  (stream-tin). 
The  water  which  is  let  into  the  mines  washes,  and  carries  down  with  it, 
certain  little  black  stones,  streaked  and  marked  with  white,  and  as  heavy 
as  the  gold  itself.  It  is  gathered  with  that  metal,  and  they  remain 
together  in  the  baskets  in  which  the  gold  is  collected.''  Again :  "  You 
cannot  solder  together  two  pieces  of  black  lead  without  white  lead, 
neither  can  this  be  united  to  the  other  without  the  aid  of  oil." 

He  also  says  of  this  metal :  '*  Neither  out  of  white  lead  can  any  silver 
be  extracted ;  whereas  out  of  the  black  this  is  commonly  done." 

When  speaking  of  common  lead,  the  same  author  says  :  '^  It  is  much 
used  for  conduit-pipes  and  for  being  hammered  into  thin  plates ; "  and  he 
then  goes  on  to  describe  the  mines  of  France,  Spain,  and  Britain,  which 
he  states,  when  worked  out  and  exhausted,  become  quite  as  productive  as 
ever,  and  indeed  even  more  so,  if  allowed  to  remain  a  short  time  without 
being  worked;  for  which  he  accounts  by  supposing  the  metal  to  be 
produced  by  the  air,  which  has  then  free  access  into  the  mine.  With 
regard  to  the  state  in  whicYi  plumbum  nigrum  occurs,  we  are  informed  that, 
^  Black  lead  has  a  double  origin ;  for  it  is  either  produced  in  a  vein  of  its 
own,  without  any  other  metal ;  or  otherwise  it  is  mingled  with  silver  in 
the  same  mine ;  being  mixed  together  in  the  same  stone  of  ore,  and  they 
are  only  separated  by  melting  and  refining  in  a  furnace.^  The  first  liquid 
that  flows  from  the  furnace  is  tin  {stannum)^  and  the  second  silver.  That 
which  remains  behind  is  galena,  the  third  element  of  the  vein,  which 
being  again  melted,  after  two  parts  of  it  are  deducted,  yields  black  lead." 

The  above  passage  is  obscure :  tin,  lead,  and  silver  are  not  often  found 
in  the  same  stone,  but  were  they  thus  to  occur,  the  tin  would  not  be  the 
first  to  flow  out  of  the  furnace.  The  ore  from  which  the  ancients  pro- 
duced tlieir  lead  appears  to  have  been  galena,  a  name  employed  by  Pliny 
as  synonymous  with  molybdaana,  which  is  described  by  Dioscorides  and 
himself  as  an  argentiferous  lead  ore. 

Of  the  metals  employed  by  the  ancients  for  the  manufacture  of  objects 
adapted  to  the  everyday  usages  of  life,  copper  and  its  alloys  were  the  most 
common ;  as  by  far  the  greater  portion  of  the  coins,  utensils,  and  imple- 

*  'Ancient  Minemlogj-,'  by  N.  F.  Mnore,  LL.D.,  p.  60. 
s  Hut.  Nat.  zzxiv.  16. 
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merits  of  war,  winch  are  occasionally  brought  to  light,  are  composed  of 
some  alloy  of  copper ;  and  consequently,  the  making  of  these  alloys,  and 
their  adaptation  to  the  various  wants  of  mankind,  must  have  formed  an 
important  branch  of  the  manufactures-  of  the  Greeks  and  Romans. 

Accordingly,  the  author  of  the  "  Natural  History  of  the  World,"  after 
describing  the  properties  of  this  metal,  and  stating  the  localities  in  which 
that  of  the  best  quality  was  found,  gives  the  composition  and  proportions 
employed  in  the  various  mixtures  then  common  in  Rome,  and  informs  us 
to  what  uses  they  were  severally  applied.  He  also  states  that  copper  was 
first  found  in  the  island  of  Cyprus,  whence  two  distinct  kinds  were 
exported.^  One  called  coronarium,  which,  when  reduced  to  thin  leaves 
and  coloured  with  the  gall  of  an  ox,  had  a  golden  colour,  and  was  em- 
ployed for  making  coronets  and  tinsel  ornaments  for  actors,  from  which 
circumstance  it  derived  its  appellation.  Another  variety,  which  was 
named  reguUxre,  is  not  particularly  described,  except  that,  like  the  former, 
it  would  stand  hammering,  and  might  thus  be  made  to  take  any  required 
form. 

The  brass  of  next  best  quality  came  from  Campania,  where  it  was  the 
custom  to  add  eight  pounds  of  lead  to  every  hundred  pounds  of  copper. 
It  is  also  mentioned  that  in  Gaul  it  was  usual  to  melt  copper  among  red- 
hot  stones,  for  the  purpose  of  obtaining  a  steady  heat,  as  a  quick  fire 
was  found  to  blacken  the  metal  and  render  it  brittle.  He  further  in- 
forms us  that  the  process  was  completed  in  one  operation,  but  states  that 
the  quality  would  be  improved  by  more  frequent  melting  :  "  Moreover, 
it  may  not  be  amiss  to  state  also  that  all  kinds  of  brass  melt  best  in 
the  coldest  weather.  For  statues  and  tables,  brass  is  worked  in  the 
following  manner :  first  the  ore,  or  stone,  as  it  cornea  out  of  the  mine, 
is  melted ;  and,  as  soon  as  this  is  done,  they  add  to  it  a  third  part  of 
scrap  brass,  consisting  ol  broken  pieces  of  vessels  that  have  been  used ; 
for  it  is  time  and  use  alone  that  bring  brass  to  perfection.  It  is  the 
robbing  which  conquers  the  natural  harshness  of  the  metal  They  then 
mix  twelve  pounds  and  a  half  of  tin  to  every  hundred  pounds  weight  of 
the  aforesaid  melted  ore.  The  softest  alloy  is  called  formally  in  which  are 
incorporated  a  tenth  part  of  black  lead  and  one-twentieth  part  of  argentine 
lead;  it  is  this  mixture  which  best  takes  the  colour  called  grecanie. 
The  last  alloy  is  that  which  is  called  oUariay  or  pot-brass,  as  it  takes 
its  name  from  the  vessels  for  which  it  is  mostly  employed,  and  this  is 
made  by  tempering  every  hundred  pounds  weight  of  brass  with  three  or 
four  pounds  weight  of  argentine  lead  or  tin."  ^ 

Tlie  alloys  above  described  are  merely  modifications  of  bell-metal  or 
bronze  ;  but  it  is  not  improbable  that  the  ancients  were  acquainted  with 
zinc-brass  long  before  this  period.  Aristotle  tells  us  that  the  Mosynoe- 
dans,  a  people  who  inhabited  a  country  not  far  from  the  Euxine  Sea, 
were  said  to  make  copper  of  an  exceedingly  fine  colour,  not  by  the  addi- 
tion of  tin,  but  by  mixing  and  cementing  it  with  an  earth  found  in  that 
1  Hist.  Nut  xxxir.  8.  «  Hut.  Nat.  xxxiv.  9. 
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country.^  We  are  also  informed  by  Strabo  that,  in  the  neighbourhood 
of  And^ra,  a  city  of  Phrygia,  a  remarkable  kind  of  stone  was  met  with, 
which,  being  calcined,  became  iron,  and,  on  being  fluxed  with  a  certain 
kind  of  earth,  yielded  drops  of  a  silvery-looking  metal,  which,  mixed 
with  copper,  formed  an  alloy  called  oriehcUcum.* 

Sextus  Pompeius  Festus,  who  abridged  a  work  of  Verrius  Flaccus,  a 
writer  of  the  time  of  Augustus,  mentions  cadmiOy  which  he  describes  as 
an  earth  thrown  upon  copper  in  order  to  convert  it  into  orichalcum.' 

On  this  subject  Pliny  affords  us  but  little  information,  merely  stating 
where  cadmia  was  found,  and  naming  some  of  its  medicinal  properties ; 
but  he  seems  to  have  regarded  it  rather  as  an  earth  which  gave  a  yellow 
colour  to  copper,  than  as  an  ore  of  a  distinct  metal,  zinc  being  in  no 
instance  mentioned  by  him,  although  he  speaks  of  a  kind  of  brass  which 
was  manufactured  in  the  island  of  Cyprus  from  copper  and  cadmia. 
.  If  the  foregoing  quotations  were  not  sufficient  to  show  that  the 
ancients  were  acquainted  with  zinc-brass,  the  fact  is  distinctly  proved 
by  the  following  analyses,  published  by  the  author  in  1 852  :  * — 
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No.  1 — Large  brass  of  the  Cassius  family,  about  b.c.  20 ;  metal  of  a 
yellow  colour.  No.  2 — Large  brass  of  Nero,  a.d.  60;  reverse,  Kome 
seated;  metal,  bright  yellow.  No.  3— Titus,  a.d.  79  ;  metal, yellow  and 
soft.  No.  4 — Hadrian,  A. D.  120;  "  FortuufiB  reduci ; "  finely  patinated  ; 
metal,  fine  yellow.  No.  5 — Faustina,  a.d.  165 ;  "  Pietas,"  without  patina ; 
metal  of  a  whitish  colour  and  very  brittle. 

That  metallic  zinc,  however,  was  known  to  the  ancients,  there  is  no 
evidence  to  show,  since  the  metal  mentioned  by  Strabo  as  given  out  in 
drops  from  a  certain  stone  when  heated,  could  scarcely  have  been  zinc, 
which  would  have  been  volatilized  if  treated  in  the  way  described  ;  and 
we  may,  therefore,  suppose  that,  if  the  stone  referred  to  by  him  was  an 
ore  of  zinc,  it  might  also  have  contained  some  other  metal,  such  as 
lead,  with  which  it  is  often  associated,  and  which  would  produce  the 
appearance  in  question.     Ambrose,  Bishop  of  Milan,  describes  the  trans- 

2  Arist.  de  Mirab.,  op.  y.  >  Strabo,  Geo.  Uiii. 

s  "Cadmia  terra,  quas  iu  «es  conjicitur  ut  fint  orichaloum."— Fei.  de  Ver.,  Watsou's 
Chemical  Essayi,'  iv.  p.  91. 
^  '  Quart.  Journ.  of  Chem.  Soc.  of  Londoo,'  1852,  It.  p.  262. 
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formation  of  copper  into  orichalcum,  as  being  effected  by  means  of  a 
drug,  and  not  by  the  addition  of  another  metal.  From  this  ve  may 
infer  that  he  was  unacquainted  with  the  metallic  nature  of  the  material 
employed,  although,  from  his  calling  it  a  drug,  he  was  perhaps  aware  of 
its  possessing  certain  medicinal  propertiea 

A  similar  description  of  the  manufacture  of  brass  is  given  by  Prima- 
sius,  Bishop  of  Adnimetum,  in  Africa,  in  the  sixth  century,  and  by 
Isodoms,  Bishop  of  Seville,  in  the  seventL  Agricola,  who  wrote  in  the 
sixteenth  century,  was  also  apparently  ignorant  that  cadmia  contained 
zinc,  of  which  we  have  no  authentic  account  until  we  find  it  mentioned 
by  Paracelsus,^  who  died  in  1541,  from  which  it  would  appear  that, 
although  the  manufacture  of  zinc-brass  is  of  great  antiquity,  the  extrac- 
tion of  the  metal  itself  is  a  comparatively  modem  discovery. 

Iron  was  doubtless  employed  in  very  early  times,  although  the  uses  of 
copper  and  its  alloys  were  probably  known  at  a  much  earlier  period. 
Hesiod  speaks  of  iron  as  having  been  unknown  during  the  age  of  bronze, 
and  Lucretius  says,  with  regard  to  this  metal,  ''  £t  prior  seris  erat  quam 
feiri  cognitus  usua"  ^  Moses  compares  the  deliverance  of  the  Israelites 
from  Egyptian  bondage  to  their  being  *' brought  forth  out  of  the  iron 
furnace."  ^  In  the  time  of  Homer  iron  was  well  known,  but  appears  to 
have  been  employed  more  sparingly  than  bronze,  and  must  have  been  of 
considerable  value,  since  a  mass  of  iron,  which  had  been  used  by  Eetion 
as  a  quoit,  is  offered  by  Achilles  as  a  prize  at  the  funeral  of  Patroclus. 

When  the  interpreter  who  accompanied  Herodotus  reads  to  him  an 
inscription  on  one  of  the  Egyptian  pyramids  relative  to  the  amount  of 
money  expended  on  radishes,  onions,  and  garlic,  for  the  workmen  em- 
ployed on  its  construction,  he  makes  the  reflection,  that  if  this  were  true, 
how  much  more  must  have  been  paid  for  iron  tools,  bread,  and  clothing.^ 
If  we  allow  that  iron  tools  were  used  in  building  these  monuments,  this 
metal  must  liave  been  in  common  use  during  some  portion  of  the  time 
which  elapsed  between  the  birth  of  Abraham  and  the  captivity  of  Joseph.^ 

Aristotle  says  that  iron  is  purified  from  scoria  by  melting,  and  when 
it  had  been  treated  thus  several  times  and  became  pure,  it  was  changed 
to  steel,  eT6/iM/ua, 

Daimachus,  a  writer  contemporary  with  Alexander  the  Great,  speaks 
of  four  different  kinds  of  steel,  and  the  purposes  to  which  they  were 
severally  suited.  "  Of  steels  (rm  aro/AUfAdrup),  there  is  the  Chalybdic, 
the  Synopic,  the  Lydian,  and  the  Lacedssmonian.  The  Chalybdic  is  best 
for  carpentera'  tools,  the  Lacedaemonian  for  files,  drills,  gravers,  and  stone 
chisels ;  the  Lydian  also  is  suited  for  files,  and  for  knives,  razors,  and 
iasps."« 

1  "MareliMita  Anrea,'*  mentioned  by  Albeiins  Magnas  in  the  13th  oentnry,  is 
belieTed  by  Beekmann  and  some  others  to  have  been  zino. 

«  Lib.  v.  »  Dent.  ir.  20.  *  Herod.,  iL  125. 

9  RasseU's  Egypt,  p.  89. 

*  See  Stephanua  Do  Urbibns,  word  Laced»mon ;  and  Fabricii  Bib.  Groc.,  vol.  ii. 
p.  588  (Ane.  Mineralogy,  p.  59). 
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In  speaking  of  iron,  Pliny  says :  "After  copper  comes  iron,  both  the 
most  useful  and  most  fatal  instrument  of  life.  With  iron,  man  delves  the 
earth,  plants  trees,  prunes  his  orchards,  trims  his  vines,  cutting  off  the 
older  branches,  and  thereby  throwing  more  vigour  into  the  grapes ;  by  its 
aid  man  builds  houses,  cuts  stone,  and  prepares  a  thousand  other  imple- 
ments ;  but  by  it  war,  atrocity,  and  villainy  are  effected  and  rendered 
common."  ^  He  also  describes  iron  as  occurring  in  almost  every  part  of 
the  known  world,  but  particularly  in  the  island  of  Elba,  where  the  colour 
of  the  earth  indicates  the  presence  of  the  ore. 

Sulphide  of  antimony,  called  by  the  Greeks  ifrififit^  and  by  the 
Romans  stibium,  was  from  the  earliest  times,  and  is  still,  used  in  the 
East  for  tiuging  the  eyebrows,  &c. 

Pliny's  description  of  stibium  as,"  candidee  nitensque  "  ^  does  not  suit 
in  all  respects  common  sulphide  of  antimony.  In  preparing  it  as  a  paint, 
it  is,  according  to  Dioscorides,  to  be  enclosed  in  a  lump  of  dough,  and 
buried  in  coals  until  reduced  to  a  cinder.  After  being  extinguished  with 
milk  and  wine,  it  is  to  be  again  placed  upon  coals  and  blown  upon  until 
ignition  takes  place,  but  if  burned  longer  it  becomes  lead.' 

Pliny  directs  cow-dung  to  be  used  in  the  place  of  dough,  but  varies  so 
entirely  from  the  recipe  of  Dioscorides,  that  it  is  evident  he  had  some 
other  authority  before  him.  Yet  he  likewise  recommends  moderation  in 
burning  as  especially  necessary,  lest  it  should  be  converted  into  lead  (ne 
plumbum  fiat).^  The  fair  inference,  therefore,  is  that  the  ancients  occa- 
sionally saw  antimony  reduced  to  its  metallic  state,  but  failed  to  recognize 
it  as  a  new  metal 
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The  metals  are  a  class  of  simple  substances,  possessed  of  a  peculiar 
lustre,  and  having  the  property  of  conducting  heat  and  electricity  with  faci- 
lity. But  both  in  their  chemical  and  physical  properties  they  differ  much 
from  one  another,  and  are  consequently  applicable  to  a  great  variety  of  tises. 

Colour — Most  of  the  metals,  when  in  a  finely-divided  state,  are  of  a 
grey  colour,  but,  when  consolidated  and  polished,  approach  more  nearly 
to  white.  The  colours  of  some  of  them  are,  however,  very  decided :  thus 
copper  is  red,  gold  is  yellow,  and  lead  blue. 

Alloys  formed  by  the  mixture  of  different  metals  usually  possess  to  a 

certain  extent  the  colours  of  the  metals  of  which  they  are  composed. 

Those  resulting  from  the  combination  of  two  or  more  grey  or  white 

metals  will  themselves  be  grey  or  white.     But,  if  a  coloured  metal  enter 

into  its  composition,  the  alloy  will  assume  its  colour  in  a  marked  degree, 

although,  if  the  proportion  of  the  coloured  metal  be  small  compared  with 

the  amount  of  that  which  is  not  coloured,  this  is  not  always  apparent 

In  some  cases,  however,  as  in  that  of  the  alloys  of  gold  and  silver,  a  com- 

1  Hist.  Nat.  xxxiii.  14.  >  Hiit.  Kat.  xzxiii.  S3. 

»  Dioicor.,  V.  99.  *  Hiit.  Nat.  xxxiii.  34. 
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parativelj  small  amount  of  a  white  metal  has  the  effect  of  destroying  the 
colour  of  the  other. 

Opacity  and  Lustre. — The  metals  possess  a  great  degree  of  opacity, 
and  are  remarkable  for  a  peculiar  lustre,  known  as  metallic.  All,  how- 
ever, are  not  equally  opaque,  as  gold,  when  reduced  to  extremely  thin 
leaves,  transmits  rays  of  green  light.  Silver  leaf  of  one  hundred-thousandth 
of  an  inch  in  thickness  is  opaque ;  hut  very  thin  leaves  of  an  alloy  of 
silver  and  gold  appear  of  a  blue  colour  when  viewed  by  tmnsmitted  light. 
Iron  in  the  thinnest  electro  films  is  transparent,  as  is  also  platinum. 

The  lustre  of  metals  is  a  consequence  of  their  great  power  of  reflecting 
light.  When  reduced  to  the  state  of  powder,  their  peculiar  metallic 
appearance  disappears,  but  is  immediately  reproduced  by  rubbing  with  a 
burnisher,  or  any  otiier  hard  and  smooth  substance. 

Hardkbss. — ^The  metals  differ  from  one  another  in  no  respect  more 
than  with  regard  to  their  hardness.  Those  which  are  pure  are  usually 
less  hard  than  their  alloys,  and  some  of  them  are  so  soft  as  to  admit  of 
being  easily  scratched  with  the  nail,  or  even  moulded  between  the  fingers. 

The  following  table,  arranged  by  Dumas,  shows  the  relative  degrees  of 
hardness  of  some  of  the  more  common  metals  : — 


Titanium 
MMigBneae 
Platinum 
Palladium 

^r 

SilTer 

Tellurium 

Bismuth 

Cadmium 

Tin 


Harder  than  steeL 


Scratched 
Spar. 


by     Gale 


Chromium 

Rhodium 

Nickel 

Cobalt 

Iron 

Antimony 

Zinc 

Lead 

Potassium 

Sodium 

Mercury 


Scratch  Glass. 


Scratched  by  Glass. 

Scratched  by  the  naiL 

Soft  as  wax  at  15*5° 0. 

Liquid  at  ordinary  tem- 
peratures. 


Spbcifig  Gravity.  —The  specific  gravities  of  the  metals  differ  very 
widely,  as  among  them  we  find  some  bodies  more  tlian  twenty  times 
heavier  than  water;  whilst  others  weigh  less  than  their  bulk  of  that 
liquid. 

The  principal  metals,  arranged  according  to  their  specific  gravities,  are 
given  in  the  following  table.     Water  =  1  ;  temp.  =  15'5"  C.  (60'  F.)  :— 
Table  of  Spbcifig  Graviths.^ 


Platinum     . 

.    21-60 

Cobalt 

8-54 

Uranium 

.     18-40 

Manganese . 

.      800 

Gold 

.     19-50 

Iron    . 

.      7-79 

Tungsten 

.    17-60 

Tin      . 

7-29 

Mercury 

.     18  59 

Zino    . 

.  6-86— 7-1 

Palladium 

11-30— 11-80 

Antimony 

.      6-80 

Lead 

.     11-45 

Tellurium 

.      611 

Silver 

.     10-60 

.      5-88 

Bismuth 

.      9-90 

Aluminium 

.  2-56-2-67 

Copper 

.       8-96 

Magnesium 

.      1-74 

Nickel 

.      8-50 

Sodium 

.      0-97 

Cadmium    . 

.      8-70 

Potassium 

0-86 

Molybdenun 

1       .      8-63 

Lithium 

.      0-59 

1  Fownes,  *  Elementary  Chemistry,'  12th  edit.,  p.  dOa 
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Cbtstallization. — Most  of  the  metals  susceptible  of  direct  use 
crystallize  in  the  regular  or  cubic  system,  and  among  them  gold,  silver, 
and  copper  are  commonly  found  in  nature  in  cubes,  octohedra,  or  other 
forms  of  this  system.  Tin  is  tetragonal  or  quadratic,  and  the  closely  allied 
elements,  arsenic,  antimony,  bismuth,  and  tellurium  are  rhombohedraL 
Platinum  is  cubic,  but  some  of  its  allied  metals,  such  as  osmium  and 
iridium,  are  hexagonal. 

In  order  to  crystallize  a  metal  artificially,  it  is  often  sufficient  to  melt  a 
few  ounces  in  a  crucible,  and,  having  permitted  it  to  cool  on  the  surface,  to 
pierce  the  crust  thus  formed  and  allow  the  metal  in  the  interior  to  flow 
out.  By  this  means  very  beautiful  crystals  of  bismuth  may  be  obtained ; 
but  in  the  case  of  some  of  the  less  fusible  metals  larger  masses  and  slower 
cooling  are  necessary  to  produce  this  effect,  and  consequently  these  are 
never  found  in  a  crystalline  state  unless  considerable  weights  have  been 
fused,  and  allowed  gradually  to  cool,  as  sometimes  occurs  in  the  furnaces 
in  which  their  metallurgical  treatment  is  effected. 

It  also  frequently  liappens  that  one  metal  may  be  precipitated  in  a 
crystalline  form  by  placing  a  strip  of  another  metal  in  a  solution  of  its 
salts.  In  this  way  silver  is  deposited  by  mercury,  and  a  piece  of  zino 
placed  in  a  solution  of  lead  acetate  precipitates  the  lead  in  feathery 
crystals.  Gold  is  occasionally  deposited  in  this  form  from  ethereal  solu- 
tions, and  a  stick  of  phosphorus  produces  the  same  effect.  Nearly  all 
the  metals  yield  crystals  when  deposited  from  their  solutions  by  electric 
currents  of  feeble  intensity,  and  it  is  probably  to  this  action  that  we  are 
indebted  for  many  of  the  beautiful  specimens  of  the  native  metals  which 
enrich  the  cabinets  of  mineralogists. 

Mallbabilitt. — When  a  piece  of  metal  is  struck  by  a  hammer,  it 
either  flattens  under  the  blow  or  splits  with  more  or  less  facility  into 
fragments.  To  the  former  property  the  name  of  maUeahility  is  applied, 
whilst  metals  possessing  the  latter  peculiarity  are  termed  brittle.  The 
malleable  metals  may  be  reduced  into  thin  leaves  either  by  the  hammer 
or  by  the  flatting-mill. 

This  consists  of  two  metallic  cylinders  (A,  B,  fig.  I)  placed  horizon- 
tally one  above  the  other.  These,  by  means  of  cog-wheels,  are  made  to 
revolve  in  contrary  directions,  as  shown  by  the  arrows. 
The  rollers  are  so  arranged  in  a  frame  as  to  admit  of 
being  placed,  through  the  medium  of  strong  screws,  at 
any  required  distance  from  one  another ;  or,  if  necessary, 
of  being  brought  into  actual  contact  To  reduce  a  piece 
of  metal  by  this  means  to  the  form  of  a  thin  sheet,  it 
should  be  first  cast  in  the  shape  of  a  rectangular  ingot, 
having  nearly  the  same  width  as  the  required  plate.  One 
of  its  ends  is  then  flattened  into  the  shape  of  a  wedge  so  as  to  enter 
easily  between  the  rollers,  which,  on  being  set  in  motion,  draw  the  metal 
in,  and  pass  it  through  to  the  other  side,  reduced  in  thickness  and  pro- 
portionately elongated.     By  repeating  this  operation  several  times,  and 
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gradually  reducing  the  distance  between  the  two  cylinders,  sheets  of 
almost  any  degree  o{  thinness  may  be  obtained. 

During  this  compression  of  the  metals,  their  molecular  structure 
gradually  undergoes  a  change,  and  those  which  at  first  are  soft  and  pass 
readily  through  the  mill,  soon  become  brittle  and  difficult  to  work.  They 
then  require  to  be  softened  by  being  heated  to  redness,  and  afterwards 
cooled.     This  process  is  called  annealing. 

Gold  is  the  most  malleable  of  metals,  and  may  be  made  into  leaves 
of  only  T^njNnnr^^  ^^  ^^  i^ch  in  thickness,  each  grain  of  which  will  cover 
a  surface  of  fifty-four  square  inches.  The  metals  are  arranged  in  the 
following  list  according  to  their  malleability  :  ^ — 


1. 

Gold. 

4.  Tin. 

7.  Zinc. 

2. 

Silver. 

5.  Platinum. 

8.  Iron. 

8. 

Copper. 

6.  Lead. 

9.  Nickel. 

DucnuTT. — ^The  above-named  metals  are  also  ductile,  or  capable  of 
being  drawn  into  wire,  but  do  not  possess  this  property  in  the  same  order 
as  their  malleability.  'Wire  is  manufactured  by  passing  an  elongated 
piece  of  metal  through  the  progressively  diminishing  holes  of  a  steel  tool, 
caUed  a  draw-plate.  By  this  means  wires  of  almost  any  diameter  may 
l)e  obtained,  as  the  metal  takes  the  size  of  the  last  hole  througli 
which  it  has  passed.  Silver,  for  the  purposes  of  embroidery,  is  frequently 
made  into  wires  ^^th  of  an  inch  in  diameter.  A  grain  of  gold  may  be 
drawn  into  a  wire  550  feet  long  by  enveloping  the  ingot  operated  upon 
in  a  coating  of  silver,  and  then  passing  it  through  the  draw-plate.  Tlie 
wire  thus  produced  will  also  be  found  covered  with  silver,  and  on  removing 
this  latter  metal  by  nitric  acid,  an  enclosed  gold  wire,  of  only  j.^^n^th  of 
an  inch  in  diameter,  will  be  obtained. 

The  following  metals  are  arranged  according  to  their  ductility : — 


1.  Gold. 

4.  Iron. 

7.  Zinc. 

2.  saver. 

5.  Nickel. 

8.  Tin. 

8.  Platiuum. 

6.  Copper. 

9.  Lead. 

Tenacity. — The  power  possessed  by  different  metals  of  sustaining 
weights  is  very  variable,  and  influences  in  a  great  degree  the  uses  to 
which  they  can  be  applied.  It  is  therefore  important  to  ascertain  by 
experiment  their  relative  tenacities,  and  the  various  influences  which 
affect  them  in  this  respect.  For  this  purpose  wires  of  equal  lengths  and 
diameters  are  sometimes  employed.  These  are  firmly  suspended  by  one 
end,  while  to  the  other  extremity  weights  are  successively  added  until 
the  rupture  of  the  wire  is  effected.  The  weight  which  causes  the  wire  to 
break  necessarily  represents  the  relative  tenacity  of  the  metal  of  which  it 
is  composed,  when  compared  with  others  similarly  treated. 

The  following  table  gives  the  approximate  tensile  strength,  per  square 
inch  of  section,  of  several  of  the  more  important  metals : — 

^  Begnault,  *  Oours  El^mentaire  de  Chimie/  i.  412. 
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Tons. 

Antimony,  cast       .        .        .      0*47 

Bismuth        „ 

1-45 

Copper,  bolts  . 

17-00 

cast  . 

8-40 

,f        sheet 

13-40 

„        wire . 

26-00 

Gold       . 

9-10 

Iron,  cast,  average 

.      7-30 

Tons. 
Iron,  wronght,  average  .  .  22*00 
Lead,  cast 0  80 

„      sheet        .        .  .1*60 

Silver 18-20 

Steel  .         .         .         .         .         .     5200 

„     plates        ....     3500 

Tin,  cast 2-00 

Zinc    „ 3-80 

Fusibility. — All  the  metals  admit  of  being  liquefied  by  the  appli- 
cation of  heat ;  but  the  temperatures  at  which  they  melt  are  extremely 
various.  Mercury  retains  its  liquid  form  during  the  most  intense  colds 
of  our  climate.  Potassium  and  sodium  fuse  below  the  boiling-point  of 
water.  Tin  melts  at  about  227*  C. ;  lead  at  325*  C. ;  and  antimony 
below  redness.  Gold,  silver,  and  copper  require  a  red  heat ;  iron,  nickel, 
and  cobalt  fuse  at  a  white  heat.  Manganese  and  palladium  are  melted 
only  by  the  strongest  heat  of  a  wind  furnace  ;  chromium,  molybdenum, 
and  tungsten  agglutinate  but  slightly  when  treated  in  the  same  way ; 
platinum,  iridium,  rhodium,  titanium,  &c,  yield  only  to  a  powerful 
voltaic  current,  or  to  the  flame  of  the  oxyhydrogen  blowpipe. 

Table  of  Fusibility  op  Mbtals.* 


Mercury 
Rubidium 
Potassium 
Sodium  , 
Lithium 
Tin 

Cadmium 
Bismuth 
Thallium 
Lead 
Tellurium 
Arsenic 
Zinc 

Antimony 
y  Silver     . 
Copper 


Fusible 
below  a 
red  heat. 


Infusible 
below  a 
red  heat. 


Gold 
Cast-iron 
Pure  iron 
Nickel 
Cobalt 
Manganese 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
\  Tantalum 


Molting 

Points. 

P. 

C. 

.        -89° 

-39-44* 

.     +101-3 

+  38-6 

144-6 

62-6 

2077 

97-6 

356 

180 

442 

227-8 

about  442 

228 

497 

258 

561 

294 

617 

825 

Rather  less  fusible  than  lead 

Unknown. 

773 

412 

Just  below  redness. 

1.878 

1,028 

1,996 

1,091 

2,016 

1,102 

2,786 

1,530 

Highest  heat  of  forge. 


Agglomerate,  but  do  not  melt  in  forge. 


Infusible  in  ordinary  blast-furnaces ;  fusible 
by  oxyhydrogen  blowpipe. 


1  Fowoes,  *  Manual  of  Elementary  Chemistry,'  12th  ed.,  p.  304. 
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Power  of  Conduotino  Heat,  &c. — Some  of  the  metals  transmit 
heat  with  much  greater  facility  than  others.  In  the  following  tahle  the 
metals  are  arranged  in  the  order  of  their  decreasing  conducting  powers, 
and  opposite  to  the  name  of  each  hody  is  placed  the  approximate  ratio  of 
the  facility  with  which  it  transmits  heat : — 

Rblative  Conductivitt  of  Metals,  &a— Silver  =  100.* 


At  12*  C. 

Atirc. 

Silver  . 

100-0 

Steel    . 

1V6 

^.    : 

78-6 
58-2 

Lead    .        . 
Platinum 

8-6 
8*4 

Brass  . 

28-6 

German  silver 

6-8 

Tin      . 

14-6 

Rose's  fusible  metal 

2-8 

Iron     . 

11-9 

Bismuth       . 

1-8 

The  conductivity  of  the  various  metals  for  electricity  is  approximately 
in  the  same  ratio  as  their  capability  of  transmitting  heat. 

Spegifio  Heat. — ^The  amount  of  heat  required  to  raise  equal  weights 
of  different  metals  from  the  same  to  another  given  temperature  is  very 
variable.  Thus,  if  we  express  by  1  the  quantity  necessary  to  raise  a 
weight  of  water  from  0*  C.  to  l"*  C,  that  which  must  be  supplied  in  order 
to  elevate  the  same  weight  of  the  following  metals  to  the  same  tempera- 
turo  will  be  as  below  : — 


Iron  . 

0-1138 

Cadmium  . 

0-0567 

Nickel 

0-1086 

Tin    .        .        . 

0  0662 

Cobalt 

0-1070 

Antimony  . 

.        0-0608 

Zino  . 

0-0966 

Platinum    . 

0-0311 

Copper 
Palladium  . 

00961 

Gold  . 

0-0824 

00698 

Lead. 

0  0814 

Silver 

0-0570 

Bismuth     . 

00808 

Dilatation  by  Heat. — Metals  crystallizing  in  the  cubic  system  are 
expanded  by  heat  similarly  in  all  directions,  without  regard  to  their 
stmcture ;  but  those  occurring  in  rhombohedral  forms  behave  differently 
in  this  respect,  the  elongation  for  a  similar  increment  of  heat  being  much 
more  rapid  parallel  to  the  principal  crystallographic  axis  than  perpen- 
dicular thereto. 

The  following  table  of  the  computed  elongation  of  metals  from  O""  to 
100"  C.|  is  due  to  the  researches  of  Fizeau : — 


Gold,  melted 

0-001461 

Aluminium  .... 

0002386 

saver       , 

0-001936 

Tin  (compressed  powder) 

0002269 

Platinum  „    . 

0-000916 

Zino            „          „       .        . 

0-002906 

Platiniridium  (8%  iridium)  . 

0000890 

Cadmium    „          >}       .        . 

0003102 

Palladium,  annealed 

0-001189 

Bismuth,  parallel  to  principal 

Copper,  native 

0-001708 

axis 

0-001642 

„       melted     . 

0-001698 

Iron,  soft  malleable 

0-001228 

principal  axis 

0-001239 

Cast-steel,  bard     . 

0-001862 

Antimony,  parallel  to  princi- 

»      ,.     soft      .        .        . 

0-001113 

pal  axis     .... 

0-001683 

Osst-iron,  grey      . 

0-001076 

Antimony,  perpendicular  to 

Lead,  melted 

0-002948 

principal  axis     . 

0-000896 

>  Pogxendorff's  Ann.  b.  69,  p.  497. 
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YoLATiLiTT. — ^AU  metals  are  more  or  less  volatile,  although  a  certain 
number  only  admit  of  being  readily  converted  into  vapour  even  at  the 
highest  temperatures  of  our  furnaces.  Among  the  more  volatile  metals 
are — zinc,  cadmium,  mercury,  arsenic,  tellurium,  potassium,  and  sodium. 
Several  others  have  the  property  of  communicating  characteristic  colours 
to  flame,  and  are  therefore  evidently  to  a  small  extent  volatile. 

Alloy& — The  metals  are  generally  capable  of  uniting  with  one 
another,  and  forming  a  class  of  compounds  possessing  more  or  less  the 
properties  of  their  several  constituents.  Alloys  are  usually  more  fusible 
and  harder  than  the  metals  which  enter  into  their  composition  ;  and  as 
these  properties  may  be  regulated  according  to  the  relative  amounts  of 
the  various  metals  employed,  an  infinite  number  of  modifications  may  be 
obtained.  Thus  copper  is  malleable  and  ductile,  but  is  somewhat  difficult 
to  fuse,  and  for  many  purposes  does  not  possess  the  requisite  hardness. 
In  many  instances  these  defects  may  be  obviated  by  the  addition  of 
zinc,  which,  without  much  impairing  its  malleability,  renders  it  fusible, 
heightens  its  colour,  and  at  the  same  time  communicates  to  it  a  proper 
degree  of  hardness. 

By  the  addition  of  ten  parts  of  tin  to  ninety  of  copper,  an  alloy  known 
as  gun-metal  is  obtained,  which  is  also  used,  under  the  name  of  bronze, 
for  bearings,  statues,  and  various  ornamental  purposes. 

For  printers*  type  an  alloy  is  required  at  the  same  time  hard  and  fusible, 
and  which  does  not  materially  contract  in  cooling.  Lead,  which  is  a 
fusible  metal,  is  evidently  unfitted  for  this  purpose  by  its  softness,  whilst 
antimony  and  bismuth  are  too  liable  to  break  under  the  pressure  to  which 
type  is  exposed  in  the  operation  of  printing.  By  combining,  however, 
antimony  and  lead,  with  sometimes  a  little  zinc  or  tin,  an  alloy  is  produced 
which  fulfils  all  these  conditions,  and  furnishes  a  material  well  adapted 
for  the  purpose  intended. 

It  has  been  stated  that,  by  alloying  the  metals,  we  obtain  compounds 
]>ossessed  of  very  different  ductility,  malleability,  hardness,  and  colour, 
from  those  belonging  to  the  bodies  which  enter  into  their  composition. 
Thus  gold  and  lead,  and  gold  and  zinc,  form  brittle  alloys,  and  a  minuto 
quantity  of  arsenic  added  to  copper  renders  it  white  and  brittla  It  is 
also  to  be  observed  that  an  alloy  composed  of  two  metals  has  seldom  a 
density  corresponding  to  the  mean  obtained,  by  calculation,  from  tlio 
relative  amounts  and  specific  gravities  of  its  constituents. 

The  following  table  from  Th^nard  (Traite  de  Chimie,  vol.  L  p.  394) 
shows  in  what  cases  the  specific  gravity  of  the  compound  is  superior,  and 
when  inferior  to  the  mean  of  that  of  the  combined  metals.  It  is,  how- 
ever, doubtful  whether  some  of  the  mixtures  specified  should  be  regarded 
as  alloys : — 
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Alloys  poraeased  of  creator  specific  gravity 
than  the  mean  of  thoir  componenta. 


Alloys  having  a  speoific  gravity  inferior  to 
the  mean  of  their  components. 


Gold  and  Zina 
„       Tin. 
„       Bismuth. 
,,        Antimony. 
Cobalt. 
Silver  and  Zinc 
„         Lead. 

Tin. 
,f         Bismuth. 
„         Antimony. 
Copper  and  Zinc. 
Tin. 
„  Palladium. 

„  Bismuth. 

„  Antimony, 

licad  and  Bismuth. 

„        Antimony. 
Platinum  and  Molybdenum. 
Palladium  and  Bismuth. 


Gold  and  Silver. 

„        Iron. 

„        Lead. 

„        Copper. 

,f        Iridium. 

„        K^ickel. 
Silver  and  Copper. 
Copper  and  Lead. 
Iron  and  Bismuth. 

,f       Antimony. 

„        Lead. 
Tin  and  Lead. 

„       Palladium. 

„  Antimony. 
Nickel  and  Arsenia 
Zinc  and  Antimony. 


The  action  of  acids  on  alloys  varies  according  to  the  relative  amounts 
of  their  constituents.  Silver  alloyed  with  a  large  quantity  of  gold  is 
protected  from  the  action  of  nitric  acid,  by  which,  under  ordinary  circum- 
stances, it  is  readily  attacked.  Sometimes,  however,  the  reverse  of  this 
takes  place,  and  metals  which  are  totally  insoluble  in  certain  menstrua 
are  made  to  dissolve  in  them  by  tlie  addition  of  a  metal  on  which  they 
have  the  power  of  acting.  In  this  way,  platinum,  although  of  itself  in- 
soluble in  nitric  acid,  may  be  dissolved  by  it  when  sufficiently  alloyed 
with  silver.  Alloys  consisting  of  two  metals,  the  one  easily  oxidizable, 
the  other  possessing  a  less  affinity  for  oxygen,  may  be  readily  decom- 
posed by  the  combined  action  of  heat  and  air.  In  this  case  the  former 
metal  will  be  rapidly  converted  into  an  oxide,  excepting  perhaps  the  last 
portions,  which  may  in  some  degree  be  protected  from  further  action  by 
the  oxide  already  formed.  The  increased  affinity  for  oxygen  exhibited 
by  the  more  oxidizable  metal,  in  presence  of  another  less  a^ected  by  this 
agent,  is  probably  an  electrical  phenomenon ;  the  action  being  in  some 
cases  so  rapid  as  to  produce  combustion.  This  occurs  when  an  alloy 
of  three  parts  of  lead  and  one  of  tin  is  strongly  heated  in  contact  with 
air. 

As  the  chemical  properties  of  metals  belong  rather  to  the  science  of 
chemistry  than  to  metallurgy,  and  as  the  limits  of  the  present  work  do 
not  admit  of  this  subject  being  comprehensively  treated,  it  has  been 
thought  proper,  in  this  place,  to  omit  it  altogether.  The  study  of  metal- 
lurgy can,  however,  only  be  profitably  undertaken  by  those  possessing  a 
competent  knowledge  of  chemistry,  which  must  be  acquired  by  a  care- 
ful study  of  good  text-books,  supplemented  by  a  considerable  amount  of 
laboratory  experience* 
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Any  substance  which  admits  of  being  rapidly  oxidized  or  burned  by 
atmospheric  air,  and  evolves  during  that  operation  an  amount  of  heat 
capable  of  being  applied  to  economic  purposes,  is  called  a  fuel  The 
elements  that  are  so  applied  in  metallurgy  are  carbon,  hydrogen,  sulphur, 
silicon,  and  phosphorus ;  but  as  the  applications  of  the  three  latter  are 
only  special,  the  term  "fuel"  is  generally  restricted  to  carbon  and 
hydrogen,  and  their  compounds;  the  natural  gaseous,  liquid  and  solid 
hydrocarbons  ;  wood,  peat^  and  coal,  with  the  artificial  products,  charcoal, 
coke,  and  sundry  gaseous  products  susceptible  of  oxidation  (furnace  and 
producer  gases);  the  fuel  value  of  the  latter  being  essentially  due  to 
carbonic  oxide  or  carbon  monoxide.  In  all  fuels  containing  carbon, 
hydrogen,  and  oxygen,  the  proportion  of  hydrogen  may  be  equal  to  or 
greater  than  that  required  to  form  water  with  the  oxygen,  but  is  never 
less.  In  such  combinations  only  the  hydrogen  in  excess  is  available 
as  a  source  of  heat ;  so  that  in  the  combustion  of  a  substance  of  which 
the  composition  may  be  regarded  as  carbon  and  water,  the  carbon  alone 
is  the  source  of  heat  Indeed,  in  such  cases  the  hydrogen  is  the  cause  of 
the  loss  of  a  considerable  amount  of  otherwise  available  heat,  since  it 
may  be  viewed  as  existing  in  combination  with  oxygen  in  the  state  of 
water,  which  must  be  evaporated  at  the  expense  of  a  portion  of  the  heat 
developed  by  the  combustion  of  carbon. 

The  products  of  the  perfect  oxidation  or  complete  combustion  of 
carbon  and  hydrogen  are  respectively  carbon  dioxide  or  carbonic  acid 
(now  commonly  called  carbonic  anhydride)  und  water;  and  these  products 
are  likewise  obtained  on  the  combustion  of  any  hydrocarbon  or  carbo- 
hydrate. The  amount  of  heat  developed  by  the  complete  combustion 
of  any  elementary  substance  in  the  same  allotropic  condition  is  perfectly 
definite,  and  is  the  same  whether  the  combustion  be  effected  rapidly  or 
otherwise.  By  the  perfect  or  complete  combustion  of  carbon  is  under* 
stood  its  conversion  into  carbonic  anhydride ;  when  applied  to  hydrogen 
these  terms  imply  the  degree  of  oxidation  necessary  to  produce  water. 
In  the  case  of  carbon  perfect  combustion  results  in  the  formation  of  its 
highest,  and,  at  the  same  time,  most  stable  oxide.  With  respect  to 
hydrogen  it  is  somewhat  different;  water  is  the  most  stable  oxide  of 
hydrogen,  but  it  is  not  its  highest  oxide.  Peroxide  of  hydrogen  contains 
twice  the  amount  of  oxygen  that  water  does,  but  the  affinity  by  which 
the  second  atom  of  that  element  is  retained  is  exceedingly  feeble. 

The  pyrometric  degree,  or  intpmiti/y  of  heat  is  perfectly  distinct  from 
and  independent  of  the  quardity  of  heat  developed  by  combustion.  The 
quantity  of  heat  generated  on  the  perfect  combustion  of  a  given  weight  of 
one  body  may  be  much  greater  than  that  produced  by  the  complete  com- 
bustion of  a  similar  weight  of  another  body,  but  the  intensity  of  the  heat 
in  the  second  case  may  far  exceed  that  obtained  in  the  first     All  other 
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ciicumsiances  being  the  same,  the  intensity  of  the  heat  developed  by  the 
combustion  of  a  given  body  will  be  directly  proportionate  to  the  rapidity 
of  the  operation  or  inversely  as  the  time  occupied  in  effecting  it.  The 
term  ealorific  intensity  is  employed  in  contradistinction  to  calorific  power^ 
which  expresses  the  quantity  of  heat  evolved  by  combustion. 

CALORinc  Power  op  Fuels. — Various  methods  have  been  employed 
for  the  purpose  of  measuring  the  relative  amounts  of  heat  evolved  by  the 
combustion  of  equal  weights  of  different  bodies ;  and  as  this  heat  cannot 
be  directly  estimated,  it  must,  in  all  cases,  be  determined  in  accordance 
with  certain  effects  produced.  Any  effect  of  heat  may  be  employed  as  a 
means  of  measuring  its  quantity  by  applying  the  principle  that  when  two 
equal  portions  of  the  same  substance,  in  the  same  state,  are  acted  on  by 
heat  in  the  same  way,  so  as  to  produce  the  same  effect,  the  quantities  of 
heat  are  equal  It  is  first  necessary  to  choose  a  standard  of  comparison, 
and  to  determine  the  effect  of  heat  upon  that  body.  We  may  thus  choose 
a  given  weight  of  ice  at  the  freezing-point  as  the  standard,  and  we  may 
define  as  the  unit  the  quantity  of  heat  which  must  be  applied  to  this 
weight  of  ice  to  convert  it  into  water,  still  at  the  freezing-point.  By 
this  system  the  quantity  of  heat  is  measured  by  the  number  of  pounds, 
grammes,  or  other  agreed  weight  of  ice,  at  the  freezing-point,  which  that 
quantity  of  heat  would  convert  into  water  at  the  freezing-point.  We  may 
also  employ  a  different  system  of  measurement  by  defining  a  quantity  of 
heat  as  measured  by  the  weight  of  water  at  the  boiling-point,  which  it 
would  convert  into  steam  of  the  same  temperature.  This  method  is  often 
employed  in  practically  determining  the  calorific  value  of  fuels. 

Another  method  is  to  define  as  the  unit  that  quantity  of  heat  which, 
if  applied  to  a  unit  mass  of  water,  at  some  standard  temperature,  will 
raise  that  water  one  degree  Centigrade.  According  to  this  method  a 
quantity  of  heat  is  measured  by  the  amount  of  water,  at  a  standard 
temperature,  which  that  amount  of  heat  would  raise  one  degree.  The 
amount  of  heat  required  to  raise  one  gramme  of  water  from  0**  to  l"*  G. 
iaiTitJw  generally  adopted  as  the  unit  of  heat  or  calorie,^ 

All  thatyis  assumed  in  these  methods  of  measurement  is,  that  if  it 
takes  a  certain  quantity  of  heat  to  produce  a  given  effect  on  a  de- 
fined weight  of  water,  to  produce  the  same  effect  on  another  similar 
weight  of  water  will  require  an  equal  amount  of  heat ;  or  that  twice  the 
quantity  of  heat  will  be  required  for  twice  the  quantity  of  water,  and  so 
on.  It  has  been  found  that  more  heat  is  required  to  raise  a  given  weight 
0!  water  near  the  boiling-point  one  degree  than  at  lower  temperatures. 
If  heat  be  measured  according  to  either  of  the  methods  described, 
quantities  of  heat  may  be  treated  as  mathematical  values,  and  may  be 
added,  subtracted,  <kc.,  as  required. 

In  the  experiments  of  Eumford  the  apparatus  employed  consisted  of 
a  rectangular  vessel  of  thin  sheet-copper,  enclosing  a  worm  of  three 
horizontai  coils.      This  vessel  was  eight  inches  long,  four  and  a  lialf 

^  The  BritUh  heat-unit  is  the  amount  noceisary  to  raise  1  lb,  of  water  l"*  Fabr. 
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inches  broad,  and  four  and  a  half  inches  deep ;  containing  the  worm  made 
of  flattened  copper  tube,  one  inch  in  breadth  and  half-an-inch  in  depth. 
The  lower  end  of  the  worm  was  secured  to  a  circular  hole  in  the 
]Dottom,  near  one  of  the  square  ends,  while  the  other  extremity  issued 
vertically  from  the  top  of  the  vessel  near  its  opposite  extremity.  A 
funnel-shaped  copper  mouthpiece,  one  and  a  half  inch  diameter,  was 
fitted  to  the  lower  opening  of  the  worm,  and  a  tube  inserted  in  the 
top  of  the  box  received  a  thermometer,  by  means  of  which  the  mean 
temperature  of  the  water  it  contained  could  be  determined.  The  sub- 
stance of  which  it  was  sought  to  ascertain  the  calorific  value  was  burned 
beneath  and  within  the  funnel-shaped  mouth  of  the  co'iL  The  resulting 
current  of  air,  after  communicating  the  heat  developed  to  the  worm, 
and  thence  to  the  surrounding  water,  finally  escaped  from  the  other 
extremity.  In  order  to  avoid  loss  of  heat  by  radiation,  the  temperature 
of  the  water  with  which  the  vessel  was  filled  was  reduced,  immediately 
before  the  commencement  of  the  experiment,  a  few  degrees  below  that  of 
the  surrounding  atmosphere,  and  the  combustion  was  continued  until  the 
temperature  of  the  water  was  raised  exactly  the  same  number  of  degrees 
above  that  of  the  air.  It  was  estimated  that  in  this  way  the  vessel  would 
receive  as  much  heat  by  conduction  and  radiation  as  it  lost  during  the 
experiment  In  order  to  reduce  as  much  as  possible  the  loss  of  heat  by 
conduction  the  apparatus  was  supported  on  slender  wooden  pillars.  To 
test  the  capability  of  the  instrument  to  absorb  the  whole  of  the  heat 
developed  by  the  combustion  of  the  substance  under  examination,  the 
resulting  gaseous  products  were  conducted  through  a  second  apparatus 
similar  to  the  first,  and  were  found  not  to  augment  the  temperature  of 
the  water  which  it  contained. 

The  data  required  in  order  to  determine  the  calorific  value  of  a  sub- 
stance by  the  use  of  this  calorimeter  are  as  follow : — 

Weight  of  substance  consumed    .        .        .        .  n 

„        water to 

„        copper c 

Specific  heat  of  copper s 

Initial  temperature  of  water       .        .        .        .  ( 

Final  temperature  of  water         .  .        .  (' 

In  experiments  of  great  precision  it  would  be  necessary  to  make  cor- 
rections for  the  glass  of  the  thermometer,  &c. ;  but  in  the  determinations 
of  Rumford  such  extreme  accuracy  was  not  attempted.  In  order  to 
ascertain  the  weight  of  water  which,  in  respect  to  absorption  of  heat, 
would  be  equivalent  to  the  copper  of  which  the  apparatus  is  made,  its 
weight  must  be  multiplied  by  the  specific  heat  of  copper. 

I^t  X  represent  the  amount  of  heat  produced  by  the  combustion  of 

one  part  of  any  given  body  in  atmospheric  air ;  the  following  formula 

will  then  express  the  calorific  value  of  that  body  : — 

fix  =  (t*  -  e)  X  (w  +  «) 

.'.     X  =  ^ 

n 
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For  example 


Then 


Let  n  =:  20  parts  by  weight 
w  =  17,600 

<?  as  2,000  ,, 

a  »  0-09515 
<  -  4"  O. 
tf  -  IS''  0. 

(18  -  4)  X  [17,500  +  (2,000  x  0-09616)]      ^  ^^^ 


is  the  calorific  value  of  the  body  under  examination.  Lavoisier,  Dulong, 
Despretz,  and  Grassi  have  investigated  the  calorific  values  of  various 
bodies,  but  more  recent  researches  on  this  subject  have  been  made  by 
Favre  and  Silbermann  and  by  Andrewa  The  apparatus  employed  by  the 
later  observers  was,  in  principle,  similar  to  that  of  Rumford,  but  was 
80  constructed  as  to  afford  more  accurate  results ;  and  all  necessary  cor- 
rections were  made  in  the  various  calculations. 

Calorific  Potoer  of  Carbon, — The  more  recent  experiments  on  carbon, 
in  the  different  states  of  diamond,  graphite,  and  charcoal,  have  afforded 
results  agreeing  very  closely  with  each  other,  and  the  discrepancy  in  the 
results  of  the  earlier  observers  may  be  accounted  for  by  their  having 
been  ignorant  that  the  combustion  of  carbon,  even  in  oxygen,  always 
gives  rise  to  the  production  of  a  certain  amount  of  carbonic  oxide.^^  The 
incomplete  oxidation  of  carbon,  resulting  in  the  production  of  carbonic 
oxide,  is  attended  with  the  evolution  of  much  less  heat  than  is  produced 
by  its  complete  oxidation  and  conversion  into  carbonic  anhydride.  As, 
daring  the  combustion  of  carbon,  a  certain  amount  of  carbonic  oxide  is 
invariably  produced,  it  becomes  necessary  to  determine  with  accuracy 
the  quantity  of  this  gas  resulting  from  each  experiment.  In  order  to 
do  this,  the  products  of  combustion  are  first  passed  through  a  solution  of 
potash,  by  which  the  CO2  is  absorbed,  and  subsequently  through  a  tube 
containing  cupric  oxide  heated  to  redness.  In  this  way  the  CO  is  con- 
verted into  CO3,  which  is  passed  through  another  solution  of  potash  and 
weighed.  By  these  means  not  only  the  relation  between  the  quantities 
of  CO  and  CO,  may  be  determined,  but  the  total  amount  of  carbon 
consumed  is  also  ascertained.  From  the  mean  results  of  a  considerable 
number  of  experiments  8,080  has  been  decided  on  as  the  calorific  power 
of  carbon  existing  in  the  form  of  purified  wood  charcoal. 

Calorific  Potoer  of  Carbon  Monoocide, — In  order  to  ensure  the  perfect 
combustion  of  carbonic  oxide,  or  carbon  monoxide,  in  the  calorimeter, 
Favre  and  Silbermann  found  it  necessary  to  mix  it  with  one-third  of  its  vol- 
ume of  hydrogen.  To  ascertain  in  each  experiment  the  relative  proportion 
of  the  two  gases,  a  portion  of  the  mixture  was  passed  over  heated  cupric 
oxide,  and  the  COo  and  H^O  produced  estimated  in  the  usual  way.  The 
mean  of  two  experiments,  after  correction  for  hydrogen,  gave  2,403  units 
of  heat  as  the  result  of  converting  1  gramme  of  CO  into  CO^. 

It  follows  that  the  amount  of  CO  containing  1  gramme  of  carbon 
will  evolve  5,607  units  of  heat  by  conversion  into  CO2.     One  gramme 
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of  carbon  is,  however,  found  to  evolve  8,080  units  of  heat  in  passing  to 
the  state  of  00^  Theiefoie  one  gramme  of  carbon  by  conversion  into 
CO,  will  evolve  (8,080  -  5,607)  =  2,473  units.  It  is  remarkable  that 
carbon  in  passing  to  the  state  of  CO  should  evolve  less  than  one-third 
the  heat  developed  by  its  conversion  into  CO,.  This  may  probably  be 
accounted  for  by  the  large  amount  of  heat  rendered  latent  on  the  passage 
of  carbon  from  the  solid  to  the  gaseous  state,  in  combining  with^the 
first  atom  of  oxygen. 

Calorific  Power  of  Hydrogen. — From  the  mean  of  six  determinations 
Favre  and  Silbermann  deduced  34,462  as  the  calorific  power  of  hydrogen. 
In  such  experiments  the  weight  of  hydrogen  consumed  is  calculated  from 
that  of  the  water  collected. 

Berthier's  Process  for  EeHmaUng  the  Calorific  Potoer  of  Fuels, — On 
the  assumption  of  the  correctness  of  Welter's  theory,  that  the  heat 
evolved  by  combustion  is  directly  proportionate  to  the  amount  of  oxygen 
consumed,  Berthier  proposed  to  estimate  the  calorific  power  of  fuels  by 
burning  them  into  CO,  by  means  of  the  oxygen  contained  in  litharge, 
and  to  ascertain  the  amount  of  oxygen  abstracted,  from  the  weight  of  the 
buttons  of  lead  produced.  In  the  case  of  pure  carbon,  or  fuel  consisting 
of  carbon  without  any  mixture  of  other  reducing  agents,  this  process  may 
be  employed  with  advantage,  and  is  capal^le  of  affording  approximately 
accurate  results.  But  when  disposable  hydrogen  is  present,  which  is 
nearly  always  the  case,  even  in  coke  and  charcoal,  the  results  obtained 
are  no  longer  so  satisfactory.  This  will  be  evident  from  the  following 
considerations.  One  part  by  weight  of  hydrogen  will  reduce  the  same 
amount  of  monoxide  of  lead  as  three  parts  by  weight  of  carbon.  The 
calorific  powers  of  hydrogen  and  carbon  are,  however,  respectively  34,462 
and  8,080,  or,  in  round  numbers,  as  34  :  8.  It  consequently  follows 
that  the  calorific  power  of  1  of  hydrogen  as  compared  with  that  of  3  of 
carbon  is  as  34  :  24 ;  so  that  the  weight  of  lead  which  would  in  the  case 
of  hydrogen  represent  a  calorific  power  of  34,  would  in  that  of  carbon 
be  represented  by  24.  It  is,  therefore,  evident  that  this  process  is  in- 
applicable to  the  exact  determination  of  the  calorific  powers  of  fuels  con- 
taining variable  quantities  of  carbon  and  hydrogen.  As,  however,  hydro- 
gen in  excess  of  the  quantity  required  to  form  water  will  alone  have  any 
reducing  influence  on  oxide  of  lead,  the  amount  of  error  is  less  than 
might  be  anticipated.  Calculations  based  on  Welter's  theor}',  made  on 
results  obtained  by  BeHhier's  method,  cannot  afford  absolutely  correct 
results  ;  but  they  deviate  so  little  from  the  truth  that  this  method,  owing 
to  its  simplicity,  is  still  in  use,  and  is  of  considerable  practical  value. 
The  results  are  never  more  than  one-ninth  smaller  than  those  found  by 
calculation  on  an  analysis  of  the  fuel,  and  the  richer  in  carbon  the  sub- 
stance is,  and  the  less  CO  that  has,  through  a  careful  execution  of  the 
assay,  been  formed  during  the  experiment,  the  more  nearly  will  they 
approximate  to  the  truth. 

Berthier's  process  consists  in  heating  a  known  weight  of  the  substance 
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in  fine  powder,  intimately  mixed  with  a  large  excess  of  litharge,  which, 
heing  de-oxidized  by  the  combustible  constituents  of  the  fuel,  yields  a 
weight  of  lead  proportionate  to  the  quantity  of  those  substances  present. 
Every  atom  of  oxygen  abstracted  from  litharge  will  necessarily  give  rise 
to  the  reduction  of  an  atom  of  metallic  lead,  and,  consequently,  a  tole- 
rably accurate  measure  of  the  relative  heating  values  of  different  kinds 
of  fuel  is  obtained  by  weighing  the  buttons  of  lead,  produced  under 
perfectly  similar  conditions. 


Table  of  Calorific  Powbbs. 


OiM  Orunine  of  m/eh  Subitanoe 
burnt. 


Supporter 
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„         artificial 
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„       sublimed 
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If 

»i 

»i 

M 

00 
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» 
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ZnO 
Fe,04 
SiOa 
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7,787-6 
8,047-8 
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34,462 
33,808 
2,220*9 
2,307 
6,747 
1,301 
4,184 
7,830 
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The  following  table  gives  Bumford^s  results  as  obtained  by  his  water 
calorimeter : — 

One  pound  of  the  following  kinds  of  Wood,  Poundii  of  Water 

wheu  bura^  will  heat  l^m  0*  to  100*  C. 

1.  Limetree  wood. 

Dry  wood,  4  years  old 84707 

„        „     slightly  dried 38*833 

„        „     strongly  dried 40131 

2.  Beech  wood. 

Dry  wood,  4  or  6  years  old 33798 

„        „     strongly  dried 36'476 

3.  Elm  wood. 

Wood  dried,  4  or  6  years  old 30*206 

„      strongly  dried 34*083 

„      dried  brown 30*900 

4.  Oak  wood. 

Common  firewood,  in  small  shavings  ....  26*272 

The  same,  in  thicker  shavings 25*690 

„  in  thicker  shavings 24*748 

„  dried  in  the  air 29  210 

Very  dry  wood,  in  thin  shavings         ....  29*888 

„  „     thicker        „ 26*227 
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One  iK>uod  of  the  following  kinds  of  Wood,  Pounds  of  Water 

when  burnt,  wiU  heat  from  0*  to  100*  C. 

6.  Ash  wood. 

Common  dry  wood       .        .        .        .  .        .        .        30*666 

The  same,  dried  in  air,  shavings      ....        83 '7 20 

„  shavings  dried  in  an  oven  .        .  35*449 

6.  SjTcamore  wood. 

Strongly  dried  in  an  oven 36*117 

7.  Wood  of  Mountain  Ash. 

Strongly  dried  in  an  oven 86*130 

Dried  brown 32*337 

8.  Wood  of  Bird  Cherry. 

Dried  wood .        .  83*389 

Strongly  dried  in  an  oven    .  .        .        .  36*904 

Dried  brown 34786 

9.  Fir  wood  (Deal). 

Ordinary  dry  wood 80-332 

Well  dried  in  the  air,  shavings 84*000 

„        „      in  an  oven,  shavings 87*379 

,,        „      brown,  in  shavings 33'358 

„        ,,      in  thick  shavings 28*695 

10.  Poplar  wood. 

Wood  dried  in  the  ordinary  manner    .         •        .        .        84*601 
„     strongly  dried  in  an  oven 37*161 

11.  Hornbeam. 

Dried  wood  (ordinary) 31*704 

The  table  on  next  page,  from  the  Eeport  on  Coals  suited  to  the 
Steam  Navy,  by  De  la  Beche  and  Playfair,  shows  the  eflects  produced  by 
several  varieties  of  coal,  when  burnt,  in  a  well-constructed  steam  boiler, 
as  well  as  those  theoretically  possible;  together  with  the  relation  existing 
between  the  calorific  values  of  their  several  constituents. 

Calobifio  Intensity  of  Fobl. — By  the  pyrometric  heating  power,  or 
calorific  intensity,  of  a  fuel,  is  understood  the  degree  of  temperature 
which  may  be  obtained  by  its  complete  combustion  in  atmospheric  air. 
This  depends  not  only  on  its  composition,  but  on  various  other  circum- 
stances, such  as  the  purity,  dryness,  and  temperature  of  the  air  employed 
as  a  supporter  of  combustion ;  the  extent  of  the  area  of  contact  which 
the  fuel  offers  to  the  air  in  a  unit  of  time ;  the  greater  or  less  pressure 
under  which  the  combustion  takes  place ;  the  nature  of  the  products ; 
and  the  circumstances  under  which  they  are  formed,  &c.,  &c.  Loss  of 
heat  from  conduction  and  radiation  likewise  exerts  a  considerable  in- 
fluence on  the  practical  results.  It  is,  therefore,  evident  that  to  be 
enabled  to  calculate  the  calorific  intensity  of  a  fuel  from  its  ultimate 
composition  and  the  calorific  power  of  its  constituents,  it  will  not  only  be 
necessary  to  take  into  consideration  the  nature  of  the  resulting  products, 
but  also  to  introduce  a  number  of  factors,  which  complicate  the  formulsB, 
and  which  must,  without  care,  become  sources  of  error. 

Various  methods  have  been  devised  for  the  measurement  of  very 
elevated  temperatures,  but  the  indications  of  the  earlier  pyrometers 
having  been  found  inaccurate,  they  have  generally  fallen  into  disuse.  A 
method  of  measuring  high  temperatures,  which  may  sometimes  be  found 
convenient,  has  been  invented  by  Bystidm.  It  consists  in  exposing  a 
ball  of  platinum  of  a  given  weight  to  the  action  of  the  heat  to  be 
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measnrecl,  and  then  rapidly  transferring  it,  through  an  inclined  clay 
tuhe,  to  a  vessel  containing  an  ascertained  weight  of  water  of  known 
temperature.  From  the  increase  of  temperature  experienced  by  the  water 
is  calculated  the  calorific  intensity  to  be  measured.  Thus,  if  a  ball  of 
platinum  weigh  100  grammes,  and  the  water  200  grammes,  the  tempera- 
ture being  15*5^  G,  and  the  heated  platinum,  when  dropped  into  the 
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ofCoaL 

OfCoaL 

OfCoaL 

TbMTOU- 

Theoreti- 

Theoreti- 

Theoreti- 
cal. 

Practical. 

oaL 

oaL 

caL 

Welsh  CoaU. 

OntigoU     . 

11-801 

11-660 

1-903 

18-568 

9-35 

85-6 

Anthncite  (Jones  and 

Aubrey). 

12-654 

12-563 

2080 

14-598 

9-46 

92-9 

Old  Castle  Firey  Vein 
Waid's  Firey  Vein    . 

10-601 

12046 

2-890 

14-986 

8-94 

79-8 

n 

12-072 

2-542 

14-614 

9-40 

ft 

Binea 

11-660 

12-181 

2-912 

15-098 

9-94 

88-10 

Llangennech 

10-599 

10-741 

2-519 

14-260 

8-86 

88-69 

Pentrefelin 

10-841 

11-749 

2-088 

18-787 

6-36 

85-0 

Powell's  Duifryn 

11-184 

12-126 

2-966 

15092 

10-15 

84-3 

Mynydd  Newydd 

9-881 

11-463 

8-441 

14-904 

9-52 

74-8 

Three- Quarter    Rock 

Vein 

7-081 

10-825 

2781 

13-106 

8-84 

62-5 

Cwm  Frood  Rock  Vein 

8-628 

11-800 

8-488 

14-788 

8-70 

68-8 

'  Cwm  Nanty  Groe 

8-248 

10-767 

3-165 

13-932 

8-42 

65-6 

ResolTen    . 

10-234 

10-899 

8  072 

13-971 

9-53 

83-9 

PoDtrpool  . 

8-144 

11-088 

8-207 

14-295 

7-47 

64-8 

Bedwaa 

8-897 

11-075 

8-766 

14-841 

9-79 

717 

Ebbw  Vale 

10-441 

12-835 

8800 

15-635 

10-21 

77-5 

Porthmawr,  Rock  Vein 

6-647 

10-268 

2-548 

12-811 

7-68 

681 

ColeahiU     . 

6-468 

10-145 

2-654 

12-799 

8-00 

560 

Scotch  Coals. 

Dalkeith  Jewel  Seam 

6-289 

10-242 

2-071 

12-313 

7-08 

49-8 

Dalkeith     Coronation 

Seam 

6-924 

10-570 

2-202 

12-772 

771 

58-5 

Elgin  Wallsend . 

6-560 

10-454 

2-968 

13-422 

8-46 

58-45 

Fordel  SpUnt     . 

6-560 

10-983 

2-884 

13-817 

7-56 

52-03 

Grangemouth 

7-292 

10-970 

2-722 

13-692 

7-40 

56-6 

Ef^lish, 

Broomhill  . 

7-711 

11-225 

8-688 

14-863 

7-80 

59-2 

Irish. 

SUeTardagh  (Anthra- 

cite) 

10-895 

10-995 

1-487 

12-482 

9-85 

90-1 

water,  raises  its  temperature  to  32-2°  C,  then  32-2'  -  15-5'  =  16-7% 
which  multiplied  by  2  (the  weight  of  water  being  twice  that  of  plati- 
num) gives  33*4**  as  the  temperature  to  which  a  weight  of  water  equal 
to  that  of  the  platinum  would  have  been  elevated  In  order  to  ascer- 
tain the  temperature  to  which  the  platinum  has  been  exposed,  this 
must  be  multiplied  by  32-1,  the  specific  heat  of  water  as  compared 
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with  platinum ;  that  of  the  lattor  being  represented  by  1.  Therefore, 
33-4*  X  32-r  =  1,072-ir  C,  which  wiU  be  the  temperature  required. 
When,  however,  it  becomes  necessary  to  determine  the  temperature  of 
the  interior  of  a  furnace,  it  is  impossible  to  transfer  the  substance  heated 
to  the  water  in  which  it  has  to  be  cooled  without  the  loss  of  a  certain 
amount  of  heat ;  and  the  result  obtained  must  consequently  b^  to  some 
extent  incorrect.  The  electric  pyrometer  of  Siemens,  which  depends  in 
its  action  on  the  influence  of  heat  on  the  conductivity  of  a  platinum 
wire,  and  that  employed  by  Schinz,  which  is  a  modification  of  the 
thermo-electric  pyrometer  of  Becquerel,  are  said  to  afford  satisfactory 
results.  A  description  of  these  instruments  would,  however,  occupy 
more  space  than  the  limits  of  the  present  work  will  allow,  and,  con- 
sequently,  those  who  feel  specially  interested  in  the  subject  of  the 
temperatures  of  blast-furnaces,  and  in  the  chemical  and  other  conditions 
influencing  the  combustion  of  fuels  therein,  will  do  well  to  consult  the 
works  of  Schinz  and  Bell,  which  are  valuable  additions  to  the  literature 
of  this  branch  of  metallurgical  investigation.^ 

When  calcium  carbonate  is  heated  in  a  closed  vessel  from  which  the 
air  has  been  carefully  exhausted,  an  atmosphere  of  carbonic  anhydride  is 
produced  by  the  dissociation  of  the  constituents  of  the  mineral ;  and  it 
has  been  stated  that  the  density  of  this  atmosphere  varies  with  its  tem- 
perature in  accordance  with  the  law  regulating  the  tension  of  aqueous 
vapour  at  low  temperaturea 

Although  the  accuracy  of  this  statement  has  been  denied,  Lamy  has 
made  use  of  this  principle  in  the  construction  of  his  pyrometer,  which 
consists  of  a  closed  vessel  exhausted  of  air,  and  containing  calcium 
carbonate.  To  this  vessel  a  manometer  is  attached,  so  that  the  pressure 
of  the  carbonic  anhydride  within  may  be  read  off  and  the  temperature 
calculated  therefrom  in  accordance  with  the  above  law.  In  order  to  be 
enabled  to  make  the  required  calculation  it  is  necessary  that  the  pressure 
exerted  by  the  carbonic  anhydride  at  two  or  three  known  temperatures 
should  have  been  previously  ascertained. 

The  terms  ordinarily  employed  to  indicate  high  temperatures,  such  as 
red  heat,  white  heat,  &c.,  are  very  indefinite,  since  in  judging  of  tempera- 
ture by  the  eye,  much  must  depend  on  the  observer,  and  on  the  condi- 
tions with  regard  to  light  under  which  the  observations  may  bo  made. 

Fouillet,  who  examined  high  degrees  of  temperature  by  means  of  an 

air  thermometer  provided  with  a  platinum  bulb,  arrived  at  the  following 

results : — 

Incipient  red  corresponds  to     .      525°  C. 

Dull  red 700° 

Incipient  cherry-red  .        .      800* 

Cherry-red        ....      900' 

Clear  cherry-red       .        .        .  1,000° 

^  'Researches  on  the  Action  of  the  Blaat-Fumace/  by  C.  Schinz;  translated  by 
William  H.  Maw  and  Moritz  Mttller.  Spon.  'Chemical  Phenomena  of  Iron-Smelt- 
ing.' by  I.  Lowthian  BeU.   Spon. 


Deep  orange     . 

1.100°  0. 

Clear  orange     . 

.     1,200» 

White 

1,300° 

Bright  white    . 

1,400' 

Dazzling  white 

1,500°  to  1,600* 
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Analysis  of  Fuels,  &c. 

Fuels  which  possess  the  highest  calorific  powers  are  not  in  all  cases 
to  be  selected  for  practical  purposes,  as  they  may  be  subject  to  disadvan- 
tages which  more  than  counterbalance  this  property.  It  is,  therefore, 
necessary  to  ascertain  by  experiment  what  are  the  peculiar  characteristics 
of  each,  so  as  to  be  enabled  to  select  from  among  a  number,  such  as  may 
be  most  economically  employed  for  the  particular  purposes  to  which  they 
are  to  be  applied. 

EsTiiiATioN  OF  Ash. — If  the  substance  to  be  examined  be  a  wood, 
it  should  be  first  reduced  to  fine  powder  by  means  of  a  rasp,  or  if  it 
be  friable,  such  as  charcoal,  pit-coal,  or  coke,  it  may  be  pounded  in  an 
iron  mortar. 

A  weighed  portion  (about  1  gramme)  of  the  finely  divided  fuel,  after 
having  been  passed  through  a  sieve,  is  placed  either  in  a  platinum 
or  porcelain  crucible,  and  ignited  over  a  gas-flame,  until  the  whole  of 
the  combustible  matter  is  consumed.  The  residue  is  subsequently 
weighed,  and  from  the  amount  left  the  percentage  of  incombustible 
matter  present  is  estimated.  In  making  this  experiment,  much  time 
will  be  saved  by  placing  the  crucible  a  little  on  one  side,  and  partially 
covering  its  mouth  with  the  lid,  for  the  purpose  of  directing  a  current  of 
air  on  the  burning  body.  When  the  substance  to  be  examined  is  a 
caking  coal,  it  is  found  advantageous  not  to  break  the  crust  of  coke  which 
is  first  formed,  but  to  allow  the  mass  gradually  to  consume  from  the 
exterior.  If  this  be  not  attended  to,  and  it  should  contain  much  ash, 
small  portions  of  the  fuel  are  frequently  protected  by  a  coating  of 
earthy  matter,  and  escape  complete  combustion.  In  the  case  of  coke  it 
is  sometimes  extremely  difficult  to  consume  the  last  portions  of  carbon, 
but  this  may  always  be  effected  either  by  exposing  the  crucible  and  its 
contents  in  an  assay  muffle,  or  by  subjecting  the  substance,  at  a  red  heat, 
to  the  action  of  oxygen  gas. 

The  latter  process  is  accomplished  by  placing  a  known  weight  of 
pulverized  coke  in  a  porcelain  crucible  over  a  lamp,  and  when,  from  the 
accumulation  of  ash,  the  combustion  becomes  sluggish,  the  vessel  is 
closed  by  a  cover  having  a  hole  through  its  centre,  and  through  this  a 
current  of  oxygen  is  conducted  by  a  suitable  tube,  from  a  gas-holder  in 
which  it  is  contained.  The  amount  employed  is  regulated  by  a  stop- 
cock, and  too  rapid  action  is  especially  to  be  avoided. 

HTGROMBTfiio  Water. — The  amount  of  water  present  is  estimated  by 
drying  a  known  quantity  of  the  substance  in  a  water  or  air  bath,  heated 
to  100*  C,  until  it  ceases  to  lose  weight.  In  accurate  determinations, 
all  experiments  should  be  repeated  at  least  twice,  as  perfect  reliance 
can  never  be  placed  in  results  when  this  precaution  has  not  been 
attended  to. 

SuLPHUB. — The  sulphur  contained  in  a  fuel  is  determined  by  the 
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following  process.  The  substance  to  be  examined  is  intimately  mixed 
with  twice  its  weight  of  pure  magnesium  carbonate,  and  placed  in 
a  bulb  blown  in  the  middle  of  a  tube  of  hard  glass.  This  is  heated 
either  by  a  spirit-lamp  or  gas-flame,  at  the  same  time  that  ia  continuous 
current  of  oxygen  gas  is  passed  through  it  from  an  apparatus  attached 
for  that  purpose.  When  the  whole  of  the  carbonaceous  matter  has  been 
completely  consumed,  which  is  easily  perceived  by  the  whiteness  of  the 
mixture,  the  powder  is  thrown  on  a  filter,  and  the  soluble  magnesium 
sulphate  washed  through.  The  sulphuric  acid  in  the  filtrate,  rendered 
acid  by  HCl,  is  then  thrown  down  by  barium  chloride,  and  from  the 
weight  of  sulphate  of  barium  obtained,  the  percentage  amount  of  sulphur 
present  is  deduced. 

Calcium  carbonate  may  be  employed  for  this  purpose  instead  of  the 
corresponding  salt  of  magnesium,  but  as  calcium  sulphate  is  less  soluble 
than  sulphate  of  magnesium,  the  washing  on  the  filter  requires  to 
be  prolonged,  and  a  longer  time  is  necessary  for  the  completion  of  this 
operation  than  for  that  above  described. 

The  sulphur  may  be  more  rapidly,  but  perhaps  less  correctly,  esti- 
mated by  igniting  in  a  platinum  crucible  a  mixture  of  the  substance  to 
be  examined  with  three  times  its  weight  of  nitre  and  four  times  that 
quantity  of  pure  sodium  carbonate.  When  this  method  is  employed, 
the  fused  mass  which  remains  in  the  crucible  is  first  dissolved  in  water, 
and,  after  being  filtered,  is  rendered  acid  by  the  addition  of  either  nitric 
or  hydrochloric  acid.  The  filtrate  is  then  treated  with  a  sufficient  amount 
of  barium  chloride  as  above  described. 

A  paper  was  read  by  F.  Grace -Calvert  at  the  Edinburgh  meeting 
(1871)  of  the  British  Association  for  the  Advancement  of  Science,  on  the 
estimation  of  sulphur  in  coal  and  coke.  The  sulphur  found  in  coal  or 
coke  often  exists  in  two  states,  partly  as  sulphuric  acid  in  sulphate  of 
calcium,  and  partly  as  sulphur  combined  with  iron.^  The  portion  existing 
as  sulphate  of  calcium  does  not  injure  the  quality  of  iron  when  used  in 
the  production  of  that  metal,  as  it  remains  associated  with  calcium; 
whilst  the  portion  existing  as  sulphide  of  iron  greatly  deteriorates  the 
commercial  value  of  the  fuel.  To  determine  the  amount  of  sulphur  in  the 
former  state,  the  author  proposes  to  boil  the  pulverized  coke  or  coal  in  a 
solution  of  sodium  carbonate,  whicli  decomposes  the  calcium  sulphate  or 
calcium  sulphide,  and  sulphur  is  estimated  in  the  solution.  In  the 
residue  from  the  above  operation  is  found  the  sulphur  combined  with 
iron.  After  attacking  with  aqua  regia,  the  author  treats  with  carbonate 
of  sodium  and  heats  to  near  the  fusing  point.  By  this  means  there  can 
bo  no  formation  of  insoluble  basic  sulphate  of  iron,  and  the  prevention  of 
precipitation  by  a  salt  of  barium,  stated  to  occur  in  liquids  containing 
free  nitric  acid,  is  avoided. 

Carbon  and  Hydrogbn. — These  constituents  are  estimated  according 
to  methods  employed  for  the  analysis  of  organic  substances  ;  but  the  best 
^  Sulphur  alto,  doubtless,  occurs  in  oombinaiion  with  the  organic  elements  of  coaL 
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results  are  obtained  when  a  quantity  of  matter  not  exceeding  half  a 
gramme  is  operated  on.  Experience  also  shows  that  the  combustion  of 
fuels  is  more  completely  effected  by  cupric  oxide  than  when  lead  chromate 
is  employed,  and  that  whenever  the  substance  bums  with  difficulty, 
as  in  the  case  of  coal,  and  more  particularly  of  anthracite,  it  is 
necessary,  not  only  to  use  a  long  comljustion-tube,  but  also  a  certain 
portion  of  dry  chlorate  of  potassium,  which,  after  being  mixed  with  cupric 
oxide,  is  placed  at  the  sealed  end  of  the  tube,  so  as  to  give  off  oxygen 
towards  the  close  of  the  operation.  Instead  of  using  chlorate  of  potas- 
sium, oxygen  from  a  gas-holder  may  be  passed  through  the  tube. 

NiTROOBN. — The  amount  of  nitrogen  contained  in  a  fuel  cannot  be 
considered  of  much  practical  importance,  and  it  may  therefore,  in  most 
instances,  be  included  with  the  oxygen :  if  necessary,  however,  it  can  be 
estimated  as  ammonia  by  the  method  of  Will  and  Yarrentropp. 

OxTOBN. — This  element  is  invariably  estimated  by  the  loss  on 
analysis. 

Dr.  Percy  calls  attention,  as  follows,  to  certain  sources  of  error  in 
analyses  of  coal  :^  '^  When  coal  contains  much  inorganic  matter,  especially 
iron  pyrites,  the  usual  method  of  calculating  its  composition,  from  the 
data  obtained  in  the  process  of  organic  analysis,  may  be  erroneous  in  a 
sensible  degree.  The  ashes  left  by  incineration  are  estimated  as  inor- 
ganic matter,  and  the  proportion  of  oxygen  is  found  by  subtracting  the 
sum  of  the  carbon,  hydrogen,  nitrogen,  and  ashes,  from  the  amount  of  dry 
coal  subjected  to  analysis.  By  incineration  the  iron  of  the  pyrites  is  con- 
verted into  sesquioxide,  and  the  sulphur,  in  a  greater  or  less  degree,  into 
sulphuric  acid,  which  may  remain  in  combination  with  any  base  in  the 
ashes,  such  as  lime,  capable  of  forming  a  sulphate  not  decomposable 
at  a  red  heat.  Supposing  the  whole  of  the  sulphuric  acid  to  be  thus 
retained  in  the  ashes,  for  1  part  by  weight  of  iron  pyrites  there  would 
be  an  increase  of  1  part  by  weight,  due  to  oxygen  derived  from  the  air 
during  incineration.  The  whole  amount  of  this  error,  provided  no 
correction  be  made,  would  fall  upon  the  oxygen.  It  is  not  asserted  that 
the  whole  of  the  sulphur  is  actually  converted  into  sulphuric  acid  and 
retained  in  the  ashes ;  but  that  a  considerable  portion  of  a  stable  sulphate 
may  be  produced  during  incineration  will  appear  from  analyses  of  coal  in 
the  sequel.  It  is  certain  that  the  alumina  in  the  ashes  must,  either 
nrholly  or  in  great  measure,  exist  in  combination  with  silica  as  clay,  but 
elay  holds  water  in  combination,  which  cannot  be  expelled  except  at  a 
temperature  far  more  than  sufficient  to  decompose  coal.  Hence,  during 
the  process  of  organic  analysis,  water  may  be  evolved  from  the  clay 
present  in  coal  and  coal  ashes,  and  so  occasion  an  error  of  excess  in  the 
determination  of  the  hydrogen.  This  source  of  error  has  been  pointed 
out  by  Begnault  Carbonate  of  lime  is  sometimes  present  in  coal  in  very 
appreciable  quantity,  in  which  case  carbonic  acid  would  be  evolved  dur- 
ing the  analysis,  and  so  an  error  of  excess  would  be  caused  in  the  deter- 
1  Pcrcy'8  'Metallurgy;'  Fuel,  p.  301, 
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niination  of  the  carbon.  M.  de  Marsilly  has  observed,  that  however  pure 
a  piece  of  coal  may  be,  and  however  homogeneous  it  may  appear  to  the 
eye,  its  different  parts  do  not  yield  the  same  proportion  of  fixed  residue 
by  incineration ;  and  the  same  is  true  in  respect  to  the  proportion  of  coke 
obtained  by  the  calcination  of  different  fragments  of  the  same  lump  of 
coal.  Hence,  in  every  case,  the  proportion  of  ash  and  coke  should  be 
determined  by  operating  upon  an  average  sample  taken  from  the  powder 
of  a  considerable  quantity  of  the  coal." 

Litharge  Expbrimbnts. — In  some  cases,  the  calorific  value  of  fuels 
may  be  ascertained  with  sufficient  accuracy  without  having  recourse  to  an 
elaborate  analytical  examination,  and  for  this  purpose  the  process  employed 
by  Berthier  is  the  most  simple. 

The  weight  of  substance  operated  on  may  be  about  half  a  gramme, 
and  great  care  should  be  taken  to  obtain  it  in  the  finest  possible  state  of 
division.  If  the  substance  be  brittle,  such  as  coal,  coke,  or  charcoal,  it  is 
easily  pounded  in  a  mortar,  and  afterwards  sifted ;  but  if  it  be  a  variety 
of  wood  which  is  to  be  experimented  on,  the  dust  obtained  by  cutting  it 
with  a  fine  file  should  be  employed.  This  should,  according  to  its  sup* 
posed  richness,  be  intimately  mixed  with  about  25  grammes  of  litharge, 
and  placed  in  an  earthen  assay  crucible.  On  this  is  placed  from  14  to 
15  grammes  of  pure  litharge,  and  aftev  the  whole  has  been  shaken  down, 
the  crucible  ought  not  to  be  more  than  half  full,  in  order  to  allow  sufficient 
space  for  the  intumescence  of  the  mixture  when  in  a  semi-fluid  state. 
The  crucible  is  now  stopped  by  a  cover,  which  is  luted  with  fire-clay  for 
the  purpose  of  preventing  reducing  gases  from  the  fire,  or  fragments 
of  coke,  from  vitiating  the  result ;  and  the  whole  is  placed  in  an  assay 
furnace  already  lighted,  in  which  there  is  a  supply  of  hot  coke.  Here  it 
is  gently  heated  during  about  fifteen  minutes,  at  the  expiration  of  which 
time  the  contents  will  be  in  a  state  of  tranquil  fusion.  The  crucible  is 
now  to  be  covered  vrith  coke,  and  the  draught  increased  by  means  of  the 
damper,  in  order  to  cause  the  whole  of  the  reduced  lead  to  collect  in 
a  button  at  the  bottom.  Care  should  likewise  be  taken  to  prevent 
any  loss  of  metal  by  volatilization,  and  a  moderate  temperature  only 
should  consequently  be  employed.  This  collection  of  the  metal  will 
usually  be  effected  in  about  ten  minutes,  and  the  crucible  is  then  with- 
drawn from  the  fire  and  slightly  tapped  against  some  hard  body,  to  throw 
down  any  globules  which  may  still  remain  suspended  in  the  fused  litharge. 
After  being  allowed  to  get  cold,  the  crucible  is  broken  and  the  button 
of  lead  extracted,  and  from  its  weight  is  estimated  the  calorific  value 
of  the  fuel  If  the  operation  has  been  properly  conducted,  the  lead 
separates  easily  both  from  the  crucible  and  from  the  melted  litharge ; 
but  in  case  of  anything  adhering  to  it,  its  removal  is  readily  effected  by 
first  hammering  the  button  on  an  anvil,  and  afterwards  brushing  off  the 
small  particles  sticking  to  it  with  a  hard  brush.  The  results  thus 
obtained  from  different  experiments  on  the  same  substance  will  be 
found  to  agree  closely  with  one  another.     On  comparing,  however,  the 
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calorific  yalae  of  a  fuel,  as  obtained  by  the  litharge  process,  with  that 
calculated  from  its  ultimate  analysis,  the  former  is  sometimes  found  to 
be  as  much  as  one-ninth  less  than  that  obtained  by  the  latter  method. 
This  process,  therefore,  although  not  admitting  of  great  accuracy,  is 
sufficiently  exact  for  many  practical  purposes. 

The  exactitude  of  such  determinations  is  sometimes  also  slightly  in- 
fluenced by  the  presence  of  iron  pyrites  and  protosulphide  of  iron,  both 
of  \rhich  exercise  a  reducing  influence  on  litharge  similar  to  that  pro- 
duced by  carbon  and  hydrogen.  When  heated  with  this  substance,  the 
sulphur  escapes  in  the  form  of  sulphurous  anhydride,  whilst  the  iron 
with  which  it  was  combined  remains  with  the  litharge  in  the  state  of 
oxide.  These  reactions  determine  the  reduction  of  a  certain  quantity  of 
metallic  lead,  which  interferes  with  the  experiments,  and,  to  a  certain 
degree,  vitiates  the  result. 

With  few  exceptions  the  operations  employed  for  the  extraction  of 
metals  from  their  ores  require  the  aid  of  elevated  temperatures,  and  con- 
sequently it  is  important  that  the  metallurgist  should  be  acquainted  with 
the  properties  of  the  various  kinds  of  fuel,  and  be  enabled  to  judge  under 
what  conditions  each  may  be  most  economically  employed. 

Wood. 

Wood  consists  essentially  of  organic  tissue  composed  of  carbon, 
hydrogen,  and  oxygen,  with  a  minute  quantity  of  nitrogen,  and  a  small 
proportion  of  inorganic  matter.  In  its  ordinary  state  it  contains  large 
quantities  of  water,  which  may  be  completely  expelled  at  a  temperature 
considerably  below  that  at  which  decomposition  of  the  organic  matter 
would  take  place. 

The  elementary  composition  of  the  tissue  of  all  wood  is  the  same, 
although  various  organic  compounds  with  which  it  is  associated  may  be 
very  different  in  trees  of  different  species,  e.^.,  fir  trees  contain  turpen- 
tine and  oaks  tannin.  The  value  of  wood  as  a  fuel  is  almost  entirely  due 
to  its  vascular  tissue,  since  the  associated  organic  compounds  are  usually 
too  small  in  quantity  to  afiford  calorific  effects  of  any  practical  importance. 
The  proportion  of  water  differs  in  various  kinds  of  woods,  and  is  also 
considerably  affected  by  the  season  of  the  year  at  which  the  different 
specimens  may  have  been  felled.  When  trees  are  cut  during  the  winter 
months,  and  therefore  not  in  a  state  of  active  vegetation,  the  amount  is 
found  to  bo  less  than  if  felled  in  summer  when  full  of  sap  ;  and  conse- 
quently all  woods  (unless  there  be  some  special  reason  for  not  doing  so) 
should  be  cut  during  the  colder  portions  of  the  year. 

Some  kinds  of  trees  are  cultivated,  not  only  for  the  timber  which 
they  yield,  but  also  on  account  of  the  tannin  contained  in  their  bark ; 
and  such  species  are  usually  cut  during  the  flow  of  the  sap,  as  they  are 
at  that  time  more  easily  barked,  and  likewise  contain  a  larger  proportion 
of  the  material  for  the  sake  of  which  their  bark  is  collected. 
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Small  shoots  and  twigs  yield  a  larger  percentage  of  water  than  the 
more  solid  stem  ;  the  difference  is  also  very  considerable  in  woods  of  dif» 
ferent  botanical  species,  as  may  be  observed  by  inspection  of  the  following 
numbers  given  by  Schiibler  and  Hartig. 

One  hundred  parts  of  freshly  cut  wood  from  the 


Water. 
^o^lbeam  {Oarpinui  bduUu)  con- 
tain   18-6 

Willow  {Salix  eaprea)  .  .  .26  0 
QycAXDore  (Acer  pttudopUUanut)  .  27*0 
Mountain  Ash  {Pyrus  aueuparia) .  28*3 
Ash  {Fmzinut  ezeeUior)  ,  .28*7 
Birch  {Betda  alba)  .        .     80*8 

Wild  Service  Tree  (Cratcegut  tormi- 

naUs) 32-3 

Oak  (Qturcui  rohur)      .        .        .847 
Tedicio  O&k  {Q,  pedunculata)         .     35*4 
Horse-chestnut  {JUtcului  kippoeaa- 
tanum) 38*2 


Water. 

White  Fir  {Pintu  ahies)  contain  .     37  '1 

Pine  {Pinus  aylvestris)  .        .  .39-7 

Beech  {Pagua  sylvatida)         .  .     39  7 

Alder  (^^uZa  o^nttf)     .        .  .41*6 

Aa^n  (Populut  tremtda)       .  .437 

"Elm  {Vlmiu  eampetiris)         .  .44*5 

Silver  Fir  (Pin«i«  pteoi)         .  .45*2 

lAmQ  Tree  {Tilia  eta^pcBa)    .  .47*1 

Italian  Poplar  {Pppulua  dilatala)  .     48*2 

Larch  (Pintu  larix)      .        .  .48*6 

White  Poplar  (Populua  alba)  .    50*6 

Black  Poplar  {Populua  nigra)  .    51  *8 


It  follows  that  recently  cut  wood  contains  from  one-fifth  to  one-half 
its  weight  of  water,  which  not  only  detracts  from  its  value  as  a  fuel  in 
the  same  proportion,  but,  from  its  escaping  in  the  form  of  vapour,  must, 
moreover,  carry  off  a  portion  of  the  heat  developed  by  the  combustion  of 
the  other  constituents. 

By  exposure  to  the  air  green  wood  soon  loses  part  of  its  water,  but 
after  a  time  ceases  to  diminish  in  weight,  a  sort  of  equilibrium  being 
established  between  the  hygroscopic  power  of  the  air  and  that  of  the 
wood.  When  this  occurs,  no  further  drying  is  effected  by  continued  ex- 
posure, and  its  percentage  of  water  will  vary  only  within  very  narrow 
limits,  dependent  on  the  dryness  or  humidity  of  the  situation  in  which 
it  may  be  placed. 

In  this  state  wood  is  said  to  be  air-dried^  and  the  remaining  portions 
of  moisture  can  only  be  expelled  by  the  aid  of  heat^  the  last  traces  being 
eliminated  with  extreme  difficulty. 

Rum  ford,  who  heated  specimens  of  various  kinds  of  air-dried  woods 
at  a  temperature  of  136'  C.  until  they  ceased  to  lose  weighty  obtained 
the  following  results  : — 


Oak  wood  lost 
Elm  . 
Beech 
Maple 


One  hundred  parts  of 

.  16-64  Fir  wood  lost 

.  18-20  Birch 

.  18*56  Lime 

.  18-63  Poplar 


17-58 
19-38 
1879 
19-65 


Generally  speaking,  the  wood  employed  for  fuel  is  never  thoroughly 
dried,  but  retains  from  15  to  25  per  cent,  of  water,  so  that  the  driest 
specimens  seldom  contain  more  than  85  per  cent  of  combustible  matter. 
Wood  kept  in  a  warm  room  for  six  months  still  retains,  according  to 
Winkler,  about  17  per  cent,  of  water.  Woods  are  usually  divided  into 
two  classes — liard  and  sofL  This  distinction  is  founded  on  their  calorific 
properties  and  on  the  facility  with  which  they  can  be  worked  by  edge-tools. 
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The  former,  among  which  are  numbered  oak,  beech,  white  and  red 
birch,  and  elm,  contain  in  the  same  bulk  a  larger  proportion  of  fibre,  and 
haye  their  vessels  more  closely  packed,  than  those  of  the  softer  varieties, 
such  as  pine,  fir,  larch,  lime,  willow,  and  the  various  kinds  of  poplar. 

Trees  which  have  grown  in  poor  land  and  in  exposed  situations,  are 
supposed  to  produce  harder  and  denser  wood  than  individuals  of  the 
same  kind  which  have  been  planted  in  more  sheltered  localities  and  in 
richer  soils.  The  specific  gravity  of  wood  depends  in  a  great  measure  on 
its  structure ;  but  as  two  specimens  of  the  same  tree  are  never  found 
perfectly  homogeneous,  the  results  obtained  by  experiment  should  rather 
be  considered  as  approximate  than  as  representing  the  true  density  of 
the  wood  examined.  These  variations  of  specific  gravity  will  also  bo 
influenced,  to  a  certain  extent^  by  the  nature  of  the  soil  in  which  the  tree 
has  grown,  as  on  this  will  depend,  in  a  great  measure,  the  quantity  and 
character  of  the  salts  it  contains. 

From  the  air  enclosed  in  their  cavities,  woods  are  in  their  ordinary 
state  generally  lighter  than  the  same  bulk  of  water ;  but  when  reduced 
lo  the  state  of  fine  powder,  even  the  softest  varieties  are  found  to  possess 
a  greater  density  than  that  liquid.  By  thus  destroying  the  pores  and 
liberating  the  enclosed  air,  the  specific  gravity  of  the  following  woods  has 
been  found  to 


Oak 
Lime 


1-27  I  Fir 116 

113     Beech  ....     129 


In  the  following  table  are  given  the  respective  densities  of  different 
kinds  of  wood  in  various  states  of  dryness  : — 


Sfbcifio  Gbatitt  op  difperknt  Kinds  op 

Wood. 

Variety  of  Wood. 

1. 
Recently 

2. 

Dried  in 

W 

Felled. 

Air. 

Commcm  Oak  {Quercui  robur) 

1-0754 

0'7076 

0-663 

White  Willow  {Salix  alba)      . 

1-0494 

06777 

0-663 

0-9859 

0-4873 

0-457 

Beech  {Faffu$  tylvatiea)  . 

0-9822 

0-5907 

•0-560 

Elm  iUlmvM  eampestrii)  . 

0-9476 

0-5474 

•0-518 

Hornbeam  {CarpinuB  hetnlua) . 

0-9452 

0-7695 

0-691 

Larch  {Pvnta  larix) 

0-9205 

0-4735 

0-441 

Viwd  (PinuM  tylvettrU)    . 

0-9^121 

0-5502 

0-485 

Sycamore  {Acer  p$eudoplatanu8) 

0-9036 

0-659-2 

0-618 

Ash  {Fraxinut  txcdtior) 

0-9036 

0-6440 

0-619 

Birch  {BetuJUi  alba) 

0-9012 

0-6274 

0-598 

Momitain  Ash  {Pyrua  aucuparia) 

0-8993 

0'6440 

0-552 

T'a  {Pinu$  ahiea)    . 

0-8941 

0-5550 

0-493 

SilTer  Fir  {Pinua  pieea) . 

0-8699 

0-4716 

0-434 

Wild  Service  {Orakegiu  torminalia) 

•   0-8633 

0-5910 

0-549 

Hone-oheitnut  {JBaculus  hippocaatgnum 

)       ' 

0-8614 

0-6749 

... 

AXd^  {Betula  alnua) 

0-8571 

0-5001 

0-448 

0-8170 

0-4390 

0-431 

Black  Poplar  {P<>pulva  nigra) 

0-7796 

0-3656 

0-346 

Aspen  {Popvlua  tremula) 

0-7654 

0-4802 

0-418 

Italian  Foplar  {Populua  dilatata) 

0-7634 

0-3931 

' 

... 

1-2260 
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Columns  1  and  2  give  the  densities  determined  by  Hartig,  and  column 
3  the  results  obtained  by  Winkler,  Mrho  weighed  a  cubic  inch  of  each 
kind  of  wood. 

Wood  not  only  loses  weight  by  exposure  to  air,  but  at  the  same  time 
decreases  in  bulk ;  and  in  some  varieties  this  takes  place  to  the  extent  of 
one-tenth  of  its  original  volume. 

By  long  immersion  in  water,  the  soluble  and  extractive  matters  con- 
tained in  woods  are  dissolved,  and  therefore  the  method  of  transporting 
it  by  rafts,  as  practised  in  some  countries,  is  not  only  found  to  lessen 
its  weight,  but  also  to  reduce  its  calorific  power;  consequently  the 
advantages  of  cheap  transport  are  to  some  extent  counterbalanced  by  the 
inferiority  of  the  wood  so  conveyed. 

The  analysis  of  different  kinds  of  wood  yields  results  differing  little 
from  one  another ;  but  in  all  the  varieties  yet  examined  there  is  a  slight 
excess  of  hydrogen  over  oxygen,  although  in  pure  woody  fibre  they  are 
combined  in  such  proportion  as,  by  their  union,  (o  form  water. 

The  following  table,  compiled  from  the  results  of  Petersen  and 
Schodler,  and  from  those  of  Heintz,  gives  the  elementary  composition  of 
different  varieties  of  dry  wood.  The  specimens  analysed  were  in  each 
case  taken  from  the  trunk.  Dr.  Percy,  who  gives  these  and  numerous 
other  analyses  of  wood,  calls  attention  to  the  fact  that  a  small  amount 
of  error  must  exist  in  all  of  them,  from  the  presence  of  a  small  quantity 
of  CO)  in  the  ashes;  but  remarks  that  it  cannot  exceed  0'2  percent.^ 

Elrhkntabt  Ck)MP0SiTi0N  OP  Dbt  Wood. 


Name  of  Tree. 


Oak      .        .         . 
Beech  . 
Birch    . 
Hornbeam    . 
Alder   . 

Ash      .        .        . 
Horse-cheBtnut     * 
Black  Poplar 
Lime    . 

Scotch  Fir,  Old     . 
„  Young 

Spruce  Fir    . 
Walnut 


Mean 


Ezolusive  of  Ash. 

1 

C. 

H. 

0. 

N. 

48*94 

6-94 

48  09 

2  03 

48-29 

6  00 

45-14 

0-57 

48-89 

6-19 

48-98 

0-99 

48-08 

6-12 

44-98 

0-87 

48-63 

5-94 

44-76 

0-68 

49-36 

6-08 

44-56 

... 

49-08 

6-71 

44-21 

... 

49-70 

6-81 

43-99 

49-41 

6-86 

48  73 

49-87 

6-09 

43-41 

0-63 

60-62 

6-27 

42-58 

0-53 

49-95 

6-40 

48.65 

49-12 

6-44 

44-44 

... 

49-22 

6-26 

44  02 

0-45 

The  nature  and  amount  of  ash  left  by  the  combustion  of  the  various 
kinds  of  wood,  depend,  not  only  on  the  species  of  tree  examined,  but  are 
also,  to  a  certain  degree,  influenced  by  the  nature  of  the  soil  on  which  it 
1  Percy*B  '  Metallurgy ;  *.Fuel,  p.  185. 
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has  been  pioduced,  as  the  different  inorganic  substances  which  enter  into 
the  composition  of  plants  seem  to  have,  to  some  extent,  the  power  of 
replacing  one  another.  Generally  speaking,  the  ash  of  wood  contains 
potassium,  sodium,  magnesium,  and  iron  as  carbonates,'  silicates,  sulphates, 
phosphates,  and  chlorides. 

The  following  table  gives  the  amount  of  ash  remaining  after  the 
combustion  of  different  varieties  of  wood  :— 


Fir 

Birch     . 
Hazel     . 
White  J&iolbeny 
Saint  Lucia   . 


Percentage 
of  Ash. 
0-83 
1-00 
1-67 
1-60 
1-60 


Elder     . 
Lime 

Oak,  branches 
..    bark     . 


Percentage 
of  Ash. 

1-64 
1-45 
260 
6-00 


The  different  parts  of  the  same  tree  do  not  yield  equal  proportions 
of  incombustible  matter ;  the  bark  and  leaves  always  produce  a  larger 
amount  than  the  branches,  whilst  the  branches  leave  more  than  the 
trunk.  Woody  plants  generally  yield  less  ash  than  herbaceous  ones, 
which  are  also  remarkable  for  containing  a  larger  proportion  of  silica 
than  is  usually  met  with  in  wood. 

Many  of  the  published  analyses  of  the  ashes  of  wood  are  either  im- 
perfect or  otherwise  unsatisfactory.  The  following,  made  by  Bottinger 
under  the  direction  of  Will,  appear  to  be  among  the  most  complete  and 
reliable.  In  these  analyses  the  calculations  have  been  made  after  de- 
duction of  COj,  and  the  charcoal  resulting  from  imperfect  incineration.^ 


ConpoeiTioN  or  thb  Ashbs  of  Wood. 


K,0 

Ka,0         .... 

OaO 

MgO  .  .  .  . 
Hn|04  .... 
FeaOfc  PjOb,  or  (ITe"'  PO4) 
Fe^4  .... 
8CaO,P^fcOrOa"f(P04)> 
C»804  .  .  .  . 
Naa 
SiO, 


15-80 

2-76 

60-85 

11-28 

1-84 

399 
2-80 
0-21 
1-46 


99-99 


279 
15-99 
80-86 
1976 
18-17 

6-10 


8-81 
1-48 
804 


10000 


0-98 

14-59 

88-99 

20-00 

7-61 

2-28 

7-78 

5-05 
2-52 
5-27 


99-97 


15-24 
7-27 
25-86 
24-50 
13  61  , 
6-18 


2-91 
0-92 
8-60 


99-98 


No.  1,  beech  from  Switzerland ;  Nos.  2  and  3,  Scotch  fir,  from  the 
neighbourhood  of  Giessen,  near  which  there  are  znines  of  manganese ; 
No.  2  from  a  diseased  tree,  and  No.  3  from  one  that  had  died ;  No.  4i 
larch  from  the  same  locality  as  ^os.  2  and  3. 

^  '  Annalen  der  Ghemie  undPhoriM^i'  vol.  CO  p.  406, 1844. 
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Peat  or  Turf. 


In  low  and  moist  situations,  where  water  collects  and  cannot  readily 
flow  ofif,  and  in  which  the  loss  hy  evaporation  is  inconsiderable,  large 
swamps  or  bogs  are  formed,  and  in  these  marsh-plants  of  all  kinds, 
such  as  sedges,  rushes,  reeds,  mosses,  confervffi,  and  even  small  «hrubs, 
grow  with  great  rapidity,  and  quickly  cover  the  surface  with  a  thick  layer 
of  vegetation.  In  winter  these  die,  and  are,  on  the  return  of  spring, 
themselves  covered  by  another  crop  of  similar  plants.  These  changes 
go  on  from  year  to  year,  and  finally  the  ground  becomes  covered  by  a 
thick  layer  of  vegetable  matter  in  a  loose  state  of  aggregation.  After  a 
time,  decomposition  takes  place  in  the  mass,  carbonic  anhydride  and 
marsh-gas,  together  with  small  quantities  of  sulphuretted  hydrogen  (pro- 
duced by  the  reduction  of  sulphates),  are  evolved,  and  finally  the  whole 
attains  a  considerable  density  and  becomes  of  a  dark  earthy  colour. 

This  substance,  which  is  called  peai^  is  in  many  places  extensively 
employed  as  fuel.     There  are  but  few  countries  in  which  small  areas  • 
of  this  material  are  not  found ;  but  in  some,  such  as  in  Holland  and 
in  North  Grermany,  such  formations  extend  over  districts  of  immense 
area,  and  annually  furnish  large  quantities  of  fuel 

Sometimes  these  deposits  appear  to  have  taken  place  at  succes- 
sive periods,  and  in  such  cases  they  are  generally  divided  into  parallel 
horizontal  strata  by  layers  of  earth  or  sand  of  varying  thickness.  The 
beds  nearest  the  surface  are  for  the  most  part  less  compact,  and  of 
a  lighter  colour,  than  those  lying  deeper  in  the  series,  and  are  made 
up  of  the  roots  and  stems  of  plants,  which,  although  to  some  extent 
decomposed,  still  retain  their  original  forms. 

This  porous  spongy  substance  is  called  turf,  and  usually  becomes 
of  a  darker  colour  and  greater  density  as  its  depth  increasea;  finally,  it 
loses  all  outward  traces  of  its  vegetable  origin,  and  is  transformed  into 
the  dark  substance  called  peat 

Feat  is  turf  so  far  decomposed  that  traces  only  of  its  original  oi*ganic 
structure  remain,  and  of  which  the  fracture  has  become  compact,  and  in 
some  instances  even  resinous.  Its  density  is  also  greater  than  that  of 
the  more  recent  variety,  of  which  a  cubic  foot  only  weighs  from  four  to 
six  pounds,  while  the  weight  of  the  same  bulk  of  ordinary  peat  varies 
from  twelve  to  twenty  pounds. 

The  cutting  of  peat  is  a  simple  operation.  After  having  laid  bare 
the  surface,  the  peat  is  cut  by  square-pointed  shovels  into  the  shape  of 
rectangular  blocks,  which  are  usually  dried  in  the  sun,  and  subsequently 
stacked  as  fuel.  In  some  instances  the  surface  of  the  ground  is  covered 
with  water,  which  cannot  be  drawn  off.  In  such  cases  the  peat  is 
(Colleeted  by  means  of  an  instrument  resembling  a  square-pointed  shovel 
provided  with  an  edge  turned  up  at  right  angles  for  the  purpose  of 
affording  s^  hold  for  the  block  after  its  separation  from  the  mass.    To  use 
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this  tool,  a  man  stands  on  a  stage  slightly  above  the  surface  of  the 
water,  and  having  thrust  the  instrument  into  the  peat,  withdraws  it, 
together  with  a  rectangular  prism  of  the  combustible,  attached  by  adhe- 
sion to  its  two  sides.  When  the  depth  of  the  water  is  more  consider- 
able, a  larger  instrument  is  employed,  which  is  worked  by  two  men, 
and  provided  with  a  spring  for  holding  the  detached  prism  with  suffi* 
dent  firmness  to  allow  of  its  being  drawn  to  the  surface,  where  the 
spring  is  released  and  the  charge  withdrawn. 

In  Holland  and  elsewhere,  when  peat  is  too  spongy  to  be  ex- 
tracted by  the  method  above  described,  and  has  become  reduced  to 
the  state  of  black  mud,  it  is  obtained  by  the  use  of  a  dredge,  made  of 
a  sharp  steel  hoop,  to  which  is  attached  a  bag  of  close  network,  which 
allows  the  water  to  flow  through,  but  retains  the  particles  of  peaty 
matter  scraped  from  beneath  the  surface  of  the  water.  These  are 
allowed  to  drain  in  wooden  troughs,  the  bottoms  of  which  are  covered 
with  straw,  and  in  which  numerous  holes  are  bored  for  the  purpose  of 
allowing  the  escape  of  water.  When  the  mass  has  thus  attained  a 
certain  consistence,  it  is  trodden  down  by  persons  wearing  large  pieces 
of  wood  on  their  feet  like  snow-shoes,  to  prevent  their  sinking  into  it ; 
and,  when  sufficiently  firm  to  resist  the  pressure  of  the  foot,  it  is  beaten 
with  a  beater  of  peculiar  construction  until  a  large  portion  of  the  water 
has  been  expelled.  The  mass  is  now  cut  into  blocks  not  unlike  bricks, 
which  are  stacked  under  proper  sheds,  so  as  to  allow  currents  of  air  to 
pass  between  the  different  layers,  thereby  facilitating  the  drying  of  the 
blocks. 

The  amount  of  water  contained  in  air-dried  peat  varies  considerably, 
but  is  usually  from  15  to  20  per  cent.  At  120**  C.  peat  begins  to  suffer 
decomposition,  and  when  heated  to  250**  C,  not  unfrequently  ignites. 
The  specific  gravity  of  uncompressed  peat  varies  from  0*25  to  1*058. 

ELKinENTAST  COMPOSITION  OF  DbT  PeaT. 


Locality. 

Bzclusire  of  Ash. 

Analjstfl. 

a 

H. 

CAN. 

Gappoge,  Ireland 
KUbeggan     „ 
Kilbaha 

Ynlcaire,  France 
Long,             „ 
Champ-dn-Feu  „ 

Mean 

52-88 
62-18 
65-62 
60-40 
60-90 
61-05 

7-03 
6  79 
6-88 
5-95 
6-22 
6*45 

40-69 
3103 
87-50 
88-66 
82-88 
82-50 

Kane. 
>  Regnault. 

58-76 

6-56 

84*69 

The  ashes  which  remain  after  burning  peat  are  partly  due  to  the 
salts  contained  in  the  plants  from  which  it  derived  its  origin ;  but  the 
larger  proportion  arises  from  earthy  matters  subsequentJ j  deposited  from 
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the  waters  which  8o  frequently  cover  the  snrface  of  the  bogs  on  which 
it  is  produced. 

The  composition  of  the  ashes  of  peiat  will  necessarily,  to  a  great 
extent^  be  influenced  by  the  nature  of  the  soil  of  the  district  in  which  it 
was  formed,  as  the  water  descending  from  higher  grounds  during  heayy 
rains  will  always  carry  with  it,  in  suspension,  small  particles,  which,  on 
reaching  the  lower  lands,  are  deposited  in  the  form  of  sand  or  mud.  In 
fact,  it  is  constantly  observed  that  the  ashes  of  peat  from  a  calcareous 
region  contain  large  quantities  of  lime,  while  specimens  which  have  been 
formed  amongst  quartzose  rocks  yield  an  ash  in  which  siliceous  materials 
predominate. 

In  100  parts  of  peat  the  following  quantities  of  ash  have  been 
observed: — 


Varielyof  PeaK 

Ash. 

ObaerTera. 

Grass  peat,  brownish  yellow .        .        .        .        . 
Pitch  peat*  from  Clermont     .        .                 . '      . 

Herbaceous,  from  Burgundy 

Brown  and  herbaceous,  from  Troyea 

Very  old  peat,  from  Vulcaire,  near  Abbeville 

>f            >i            Long 

Not  so  old,  from  Ghamp-du-Fen,  Voeges 

Near  Berlin,  1st  sUge 

»,        „       2nd    „ 

11        If       8rd     „ 

Moor  In  Eichsfeld,  Ist  sort 

2nd    , 

i»            »  .       8rd    „    .. 

4th    „    ....        . 
Yellowish-brown,  from  Dartmoor ..... 

17-30 

26-00 

7-10 

16-00 

6-88 

4-61 

5-35 

9-30 

10-20  • 

11-20 

21-50 

23-0 

30-6 

83^0 

13-43 

[  Berthier. 

Regnault.' 
Achard. 

VBuchhoU. 
J.  A.  Phillips. 

Peat  can  only  be  advantageously  employed  by  the  metallurgist  in 
localities  where  other  fuels  are  scarce  and  expensive,  as  the  great  space 
which  it  occupies,  the  large  percentage  of  moisture  retained  by  it, 
the  difficulty  of  drying  the  requisite  quantities,  and  the  amount  of  ash 
resulting  from  its  combustion,  present  obstacles  to  its  general  use  which 
are  not  readily*  overcome.  Various  processes  have,  at  different  periods, 
been  employed  to  improve  the  quality  of  peat,  but,  up  to  the  present 
time,  none  of  them  appear  to  have  afforded  results  that  can  be  regarded 
as  entirely  satisfactory.  Li  some  processes  the  blocks,  after  being 
partially  dried  by  exposure  to  sun  and  air  oil  the  surface  of  the  ground, 
are  stacked  in  hollow  piles,  and  finally  placed  in  kilns,  through  which 
currents  of  heated  air  are  conducted.  In  others  the  peat  is  first  worked 
up  into  a  pulpy  mass  in  pug-mills,  and  then  moulded  by  machinery  into 
blocks,  which  are  afterwards  kiln-dried.  By  these  means  the  quality  of  the 
fuel  can  be  materially  improved,  but  the  cost  of  labour  and  machinery 
is  so  considerable,  that  the  product  cannot,  under  ordinary  cirdum- 
stances,  compete  with  other  varieties  of  fuel.  It  is,  however,  probable 
that  an  increase  in  the  price  of  cool  may  at  some  future  time  lead  to  tiie 
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di^Tery  of  means  by  which  the  large  amount  of  combustible  matter 
locked  up  in  the  peat-beds  of  this  and  other  countries,  may  be  rendered 
extensively  available. 

The  following  analyses  of  the  ashes  of  peat  have  been  selected  from  a 
series  of  twenty-seven  made,  under  the  direction  of  Sir  Robert  Kane,  in 
the  laboratory  of  the  Museum  of  Irish  Industry  : — 


GOMPOBinON  OF  THB  ASHES  OW  PkAT. 


K,0 

N»aO 

CaO 

MgO 

AW, 

Fe,0, 

PiO, 

SO, 

HCl 

SiOs,  in  oompouodfl  decompos-  ) 

Able  by  adds         .  .  | 

Sand  and  silicates  undeoompos-  j 

able  bj  adds         .                A 
CO, 


1. 

2. 

S. 

4. 

0-862 

0-641 

'.    0-744 

1-667 

1-427 

1-876 

0-704 

2-828 

26-113 

22-702 

.  40-6-28 

20-907 

8-892 

6-809 

4-852 

6-252 

4180 

1109 

1-671 

2034 

11-591 

29-854 

10-868 

17-040 

1-461 

2-019 

1114 

1-447 

12-408 

16-881 

24-208 

23875 

1-668 

1-591 

1-062 

1-424 

0-980 

6-787 

6-817 

6-634 

22-619 

14-605 

3-710 

10-682 

18  606 

1-470 

4-981 

6-721 

99-691 

99-698 

99844 

100-006 

1.  Light  spongy  surface  peat^  of  a  reddish-brown  colour,  and  com- 
posed almost  entirely  of  Sphagnum,  pieces  of  which  are  still  distinguish- 
able ;  from  near  Monastereven. 

2.  Good  compact  peat,  of  a  blackish-brown  colour,  consisting  prin- 
cipally of  moss,  with  a  number  of  Erica  and  grass  roots,  with  Carex, 
This  peat^  which  b  used  as  fuel  in  Dublin,  is  from  Riversdale  Bog,  near 
£innegad 

3.  An  exceedingly  dense  peat,  with  a  conchoidal  earthy  fracture ; 
from  Athlone  bog.  Vegetable  structure  almost  obliterated,  but,  when 
apparent,  indicates  remains  of  Carexy  grasses,  and  Erica  in  abundance. 

4.  A  rather  dense  peat,  of  a  blackish-brown  colour,  in  which  the 
structure  of  moss  is  no  longer  visible,  but  abounding  in  remains  of  Carex, 
grasses,  and  roots  and  stems  of  Erica;  from  the  Curragh  or  Clonbumo 
bogs,  near  Shannon  Bridge. 

In  almost  every  case  the  amount  of  CO,  found  was  considerably  less 
tban  that  required  for  the  formation  of  calcium  carbonate,  after  ad- 
mitting the  whole  of  the  sulphuric  acid  to  exist  as  calcium  sulphate. 
This  was  supposed  to  have  been  caused  by  the  expulsion  of  CO,  during 
the  process  of  incineration.  Regnault,  however,  satisfied  himself  that 
the  whole  of  the  calcium  present  in  peat  docs  not  exist  as  carbonate,  but 
to  some  extent  as  forming  part  of  various  organic  compounds. 
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The  following  analyses  of  the  ashes  of  American  peat  are  given  by 
Professor  Johnson : — ^ 

Ck)MF08ITION  OF  THB  ASHES  Of  PkAT—AHKBICAK. 


KaO      . 
Na,0    . 
CaO      . 
MgO     .        . 
F6,0,  and  Al,Os 
P.O5     .       . 
SO,       . 
01 

SiOa^  soluble 
CO,       . 
Sand     . 


I. 

2. 

8. 

0-69 

0-80 

8-46 

0-68 

,, 

trace 

40*52 

85-59 

6*60 

6-06 

4*92 

1-06 

6-17 

9-08 

15-59 

0-60 

0-77 

1*55 

5-62 

10-41 

4-04 

0-16 

0*48 

0*70 

8-28 

1-40) 

19 -60 

22-28  J 

67*01 

1211 

15  04) 

9913 

100*72 

100*00 

The  specimens  of  peat  affording  the  ashes  analysed  were  obtained 
from  three  different  localities  in  the  State  of  Connecticut  1.  From 
Poquonnock ;  analysed  by  Professor  G.  F.  Barker.  2.  From  Colebrook ; 
by  Mr.  0.  C.  Sparrow.    3.  From  Guildford ;  analysed  by  Mr.  Peter  Collier. 

Karsten  states  that  peat  sometimes  contains  iron  pyrites  in  sufficient 
quantity  to  admit  of  its  being  employed  for  the  manufacture  of  green 
viti-iol.  In  a  deposit  of  peat  occurring  near  Moel-Hafod-Owen,  Korth 
Wales^  copper  was  some  years  since  found  in  sufficient  quantities  to  repay 
the  expenses  of  working  it  for  that  metal.  For  this  purpose  the  peat  was 
burnt  in  kilns,  and  the  ashes  subsequently  collected  for  smelting.  At 
the  present  time  the  whole  of  this  cupriferous  peat  has  been  removed, 
but  the  water,  which  sometimes  collects  in  pools  on  the  surface,  is  still 
often  tinged  with  green  from  the  presence  of  copper  salts.  These  are 
probably  derived  from  the  drainage  of  a  large  vein,  largely  composed  of 
arsenical  pyrites,  which  traverses  the  hill  at  the  bottom  of  which  the  peat 
was  found. 

Coal. 

Coals  constitute  an  important  family,  embracing  lignite  or  brown  coal, 

common  or  hituminovs  coal,  and  anthracite.     The  chief  constituent  of 

coal  is  carbon,  in  chemical  combination  with  varying  proportions  of 

hydrogeu,  oxygon,  and  nitrogen.     All   coals  contain  a  greater  or  less 

amount  of  earthy  impurity,  which  being  incombustible,  remains,  after 

burning,  in  the  form  of  ash.     From  their  composition,  structure,  and 

other  characteristics,  there  can  be  no  doubt  of  the  vegetable  origin  of 

coals  ;  whether  occurring  as  lignite,  in  which  the  woody  structure  is  still 

apparent,  or  as  common  coal  or  anthracite,  in  which  mineralization  has, 

1  *  Peat  and  iU  Uses  as  FeriUizer  and  Fael,*  by  S.  W.  Johnson,  M.A.,  p.  47.      New 
York. 
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for  the  most  part,  so  far  advanced  tliat  all  external  traces  of  their 
oiganic  derivation  have  been  obliterated.  We  have  conclusive  evidence 
that  coal  of  every  species  is  merely  mineralized  vegetation,  which,  in 
part^  grew  in  situ  as  peat-mosses,  cypress-swamps,  forest-growths,  &c., 
and  was,  in  part,  drifted  by  the  action  of  water  to  basins  of  deposit. 
The  operations  of  nature  being  incessant,  we  have  coals  belonging  to  all 
periods, — peats  of  the  current  epoch,  lignites  of  the  Tertiary,  bituminous 
coals  of  the  Carboniferous,  anthracites  and  graphites  of  the  Devonian  and 
Silurian,  &c.  These  products  differ  irom  one  another  according  to  the 
amoant  of  metamorphism  to  which  they  may  have  been  severally  sub- 
jected. The  coal  of  Great  Britain  is  of  Carboniferous  age,  but  many 
productive  coal-fields  in  India,  America,  and  elsewhere  belong  to  the 
Jurassic  and  Cretaceous  periods.  Coals  are  sometimes  so  free  from 
earthy  matter  as  to  leave  less  than  one  per  cent  of  ash ;  whilst  others, 
on  the  contrary,  are  so  impure  as  to  be  unfit  for  fuel,  and  thus  pass  into 
bituminous  shales. 

The  formation  of  the  different  varieties  of  coal  by  the  decomposition  of 
woody  tissue  may  be  explained  by  the  gradual  elimination  of  hydrogen 
and  carbon  as  marsh-gas,  of  oxygen  and  carbon  as  carbonic  anhydride, 
and  of  oxygen  and  hydrogen  in  the  form  of  water.  That  the  transfor- 
mation of  woody  tissue  into  coal  has  been  accompanied  by  the  produc- 
tion of  marsh-gas  may  be  inferred  from  the  composition  of  the  fire-damp 
of  coal  mines,  of  which  this  gas  is  the  chief  constituent.  It  is  not 
difficult  to  select  from  analyses  of  fuels  a  series  illustrating  the  gradual 
passage  of  woody  tissue  into  anthracite ;  a  coal  consisting  almost  exclu- 
sively of  carbon.  The  following  table,  arranged  by  Dr.  Percy,  gives 
the  variable  amounts  of  hydrogen  and  oxygen  contained  in  different  kinds 
of  fuel ;  the  amount  of  carbon  in  each  case  being  represented  by  a  con- 
stant quantity.^ 


C. 

H. 

0. 

Wood  (mean  of  twenty-ftiz  analyaei) 

Peat 

Lignite  (arerage  of  fifteen  varieties) 
Ten-Yaid  Goal,  Soath  SUffordshire 
Steam  Coal,  from  the  Tyne    .... 
1  Pentrefelin  Coal,  South  Wales 
Anthracite,  PennBylvania,  U.S.     . 

100 
100 
100 
100 
100 
100 
100 

12-18 
9-86 
8-87 
6-12 
6-91 
476 
2-84 

83  07 
55-67 
4*2-42 
21-23 
18-82 
5-28 
1-74 

It  will  be  observed  that  throughout  the  various  stages  of  conversion 
the  relative  proportions  of  hydrogen  and  oxygen  gradually  decrease. 

Kitrogen  is  present  in  coal  in  small  proportions  (up  to  about  2  per 
cent),  and  although  it  does  not  appear  to  be  an  essential  constituent  of 
woody  fibre,  yet  all  woods  contain  albumen,  and  other  nitrogenous  com- 
pounds, which  readily  account  for  the  presence  of  this  element  in  the 
different  varieties  of  fossil  fuel. 

Sulphur  is  always  present  in  coal,  in  which  it  exists  chiefly  in  the 
1  Percy's  'Metallurgy;*  Fuel,  p.  268. 
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form  of  iron  pyrites ;  it  may  also  occur  as  calcium  sulphate,  and  also 
combined  with  the  organic  elements  of  coaL  Coal  always  contains  a 
certain  proportion  of  water,  which  may  be  expelled  at  a  temperature 
slightly  above  IOC"  G.  Whether  the  whole  of  this  exists  in  the  state  of 
hygroscopic  water,  or  whether,  in  some  cases,  a  portion  of  it  may  not 
be  present  in  a  state  of  combination,  has  not  been  determined.  A  coal 
may  appear  to  be  perfectly  dry,  and  yet  lose  a  large  percentage  of  water 
by  desiccation. 

A  sensible  amount  of  inorganic  matter  is  contained  in  all  coal ;  its 
constituents  are  chiefly  silica,  alumina,  lime,  and  oxide  of  iron,  which 
are,  in  part,  derived  from  the  plants  from  which  the  coal  was  produced, 
and  partly  from  the  percolation  of  waters  holding  these  substances 
either  in  solution  or  suspensioa  These  substances  constitute  the  ashes 
which  are  left  by  coal  when  burnt,  and  its  value  as  a  fuel  is  considerably 
influenced,  not  only  by  the  amount  of  its  ashes,  but  also  by  their  com- 
position. Iron  pyrites  in  coal  is  represented  in  the  ash  by  oxide  of  iron, 
which,  when  present  in  large  proportion,  has  the  effect  of  rendering  it 
fusible  and  causing  it  to  form  clinkers  which  adhere  firmly  to  the 
furnace-bars.  The  distinction  between  red  and  white  ash  coals  is  mainly 
dependent  on  the  amount  of  pyrites  they  respectively  contain.  Daubr^a 
detected  arsenic  in  the  Tertiary  lignite  of  Lobsann,  Lower  Rhine ;  and 
galena,  copper  pyrites,  and  micaceous  iron  ore  are  sometimes  met  with  in 
this  country  in  coals  of  Carboniferous  age. 

Lignite  or  Brown  Coal. — Lignites  consist  of  fossil  plants  more  or 
less  completely  mineralized  and  converted  into  coal  -,  they  have  usually 
a  dull  dark  brown  colour,  are  compact  or  laminated,  and  generally  reveal 
the  texture  of  wood.  When  burnt,  they  afford  a  dull  flame  and  evolve 
much  smoke ;  they  are  poorer  in  carbon  than  ordinary  coal ;  their  heating 
power  is  less,  and,  in  the  msgority  of  cases,  they  contain  a  large  amount 
of  ash.  Beds  of  lignite  sometimes  occur  in  the  New  Red  Sandstone, 
Oolite,  and  Cretaceous  formations,  but  chiefly  in  the  Tertiary.  Lignites 
present  a  great  variety  of  aspects ;  some  being  almost  as  hard  as  true 
coal,  while  others  are  distinctly  woody.  Some,  again,  consisting  of  thin 
layers  like  compressed  leaves,  are  called  "  paper  coal ; "  whilst  soft  earthy 
varieties  have  received  the  name  of  "  peat  coal." 

Lignite  thus  passes  through  every  gradation  of  texture,  from  that  of 
the  more  compact  peats  of  the  present  day  to  that  of  the  bituminous 
coals  of  the  older  formations.  The  well-known  lignites  or  brottfn  coals 
of  the  Continent  of  Europe  are  chiefly  of  Tertiary  age,  and,  from  the 
leaves,  fruit,  and  stems  of  palms,  &c.,  which  they  contain,  give  evidence 
of  the  prevalence  of  a  genial  climate  in  these  latitudes  during  that  period. 

According  to  Fr6my,  lignites  may  be  distinguished  from  mere  wood 
and  peat,  on  the  one  hand,  by  their  solubility  in  nitric  acid  and  hypo- 
chlorites, and  from  true  coal,  on  the  other,  which  is  insoluble  in  hypochlo- 
rites, and  only  slowly  attacked  by  nitric  acid. 

The  table  on  the  opposite  page  shows  the  percentage  composition  o  f 
different  varieties  of  lignite  or  brown  coal. 
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42  ELEMENTS  OF  METALLURGY. 

Ko.  1.  Brown;  structure  fibrous  and  lamellar;  becomes  rotten  by 
immersion  in  water ;  does  not  soil  the  fingers ;  coke  has  a  semi-metallic 
lustre;  does  not  swell,  and  cakes  but  slightly;  ash  bulky  and  red; 
copper  and  lead  were  detected  in  this  lignite ;  on  burning,  it  evolves  an 
extremely  offensive  odour ;  analysed  by  F.  Vaux.  2.  Black-brown.  This 
lignite,  after  being  dried,  absorbed  from  the  atmosphere  12*7  per  cent  of 
water  in  twenty-four  hours,  3.  Black-brown,  with  woody  structure. 
The  dry  lignite  absorbed  from  the  atmosphere  15*9  per  cent  of  water 
in  twenty-four  hours.  2,  3.  Analysed  by  Schrotter.  4,  5.  Brown 
coal  from  Prussia ;  4,  presenting  wood-like  structure,  ash  reddish-white ; 

5,  earthy,  ash  yellowish-brown.  The  specific  gravity  and  water  were 
determined  on  material  fresh  from  the  workings ;  analysed  by  F.  Bischot 

6.  Brown  coal ;  by  Baer.  7.  Brown  coal ;  analysed  by  Liebig.  8.  Brown 
coal;  by  L.  Gmelin.  9.  Occurs  at  a  short  distance  from  the  sea  at 
Goneza,  province  of  Iglesias,  west  of  Cagliari;  probably  belongs  to 
the   true   Coal-measures;   analysed   at   the   £cole   des   Mines,    Paris. 

10,  11,  Brought  by  Dr.  Hector  from  La  Boche  Perc^e,  Saskatchewan 
Plains.  10.  Dark  brown ;  compact^  in  part  wood-like,  and  in  part  re- 
sembling coal  from  the  Coal-measures ;  fracture  more  or  less  conchoidal. 

11.  Cracked  iiito  small  pieces  by  exposure  to  the  air;  in  appearance 
much  resembling  coal  from  the  Coal-measures.  12,  13.  Collected  by  Mr. 
G.  P.  Wall  in  the  Island  of  Trinidad.  12.  Black ;  fracture  dull ;  powder 
brown;  does  not  cake  when  heated  in  a  close  vessel;  yields  43*15  per 
cent,  of  a  non-coherent  coke.  13.  Black ;  bright,  like  good  bituminous 
coal;  when  heated  evolves  an  odour  resembling  that  of  petroleum. 
14.  Black ;  lustre  dull ;  fracture  uneven,  more  or  less  conchoidal;  cleav- 
age distinct ;  more  or  less  translucent.  A  brown  resin  occurs,  diffused 
through  this  lignite,  in  pieces  varying  from  the  size  of  a  pea  to  consider- 
able masses.  15.  In  physical  characters  this  lignite  is  similar  to  that  last 
described,  and^lso  contains  resin  distributed  throughout  its  substance. 
Accompanying  the  specimen  forwarded  was  a  piece  of  resin  as  large  as 
the  fist,  which  was  more  opaque  and  less  resembling  ordinary  amber 
than  that  contained  in  the  lignite  from  New  Zealand.  The  analyses 
10-16,  both  included,  were  made  by  Mr.  C.  Tookey,  under  the  direc- 
tion of  Dr.  Percy.  The  mode  of  rendering  the  results  has,  in  some 
cases,  been  slightly  changed,  in  order  to  adapt  them  to  the  general 
headings  of  the  table. 

The  following  analyses  of  the  ashes  of  lignite  will  be  sufficient  to 
give  an  idea  of  their  general  composition ; — 
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1. 

^• 

SiOa 

812 

19-271 

Fe^,      , 

32-78 

6-78 

A1,0,      . 

29-60 

11-67 

CaO 

20-66 

28-67 

MgO 

216 

2-68, 

K,0 

0-99 

1-74/ 

Na,0      . 

172 

...  I 

SO, 

9-17 

83-88\ 

CO, 

... 

•    -90 

100-00 

99-84 

1.  From  Artem,  Saxony;  analysed  by  Kremers.  2.  From  Bruns- 
wick ;  analysed  by  Varrentrapp.  The  term  "  lignite  "  is  sometimes  em- 
ployed as  synonymous  with  coal  occurring  in  deposits  of  later  date  than 
the  true  Coal-measures. 

The  coals  of  Monte  Diablo,  California,  are  of  Upper  Cretaceous  age, 
as  are  also  those  of  Bellingham  Bay,  and  Naiiiamo,  Yancouv^r.  These 
coals  are  extensively  used  on  the  Pacific  coast)  and,  Hke  all  others  of  a 
later  geological  period  than  the  Carboniferous,  contain  a .  considerable 
proportion  of  hygroscopic  water.  Exposed  to  the  action  of  a  dry  atmos- 
phere they  part  with  their  moisture  but  slowly,  and,  in  doing  so,  are' 
Hable  to  become  disintegrated.  This  defect  is,  however,  characteristic 
of  certain  American  coals  of  Carboniferous  age ;  the  percentage  of  water 
in  some  of  the  Iowa  coals  being  as  great  as  in  those  of  Monte  Diablo. 
In  other  respects  these  Cretaceous  coals  closely  resemble  the  highly 
bituminous  varieties  from  the  Coal-measures. 

The  following  proximate  analyses  of  various  Cretaceous  coals,  in  use 
on  the  Pacific  coast,  are  given  by  Prof.  J.  D.  Whitney,  who  remarks  that 
those  of  the  Monte  Diablo  coals  were  made  very  shortly  after  the  first 
opening  of  the  mines,  and  consequently  an  improvement  in  quality  might 
be  expected  at  greater  depths.^ 


Pboxivatb  Ck>ifP03rnoN  of  Cbktaoeous  Ck)AL8. 


Monte  Diablo. 

Bellingham 

Bay, 
Washington 
Territory. 

Naniamo» 
Vancouver. 

ClorkACo. 

Black 
Diamond. 

Cumberland. 

Water        .        .        . 
BftaminonB  rabstanoes 
Fixed  carbon 
A«h  .        .        .        . 

18-47 

40-86 

40-65 

5-52 

14-69 
83-89 

46-84 
4-68 

18*84 

40-27 

44-92 

0-97 

8-89 
83-26 
45-69 
12-66 

2-98 
8216 
46-81 
18-55 

^  Reflidne  insoluble  in  acids. 

>  '  Geological  Survey  of  California,'  p.  30. 
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Bituminous  Coal. — This  term  is  usually  applied  to  coals  from  the 
Coal-measures ;  these  bum  with  a  more  or  less  smoky  flame,  like  that  of 
bitumeu,  although  the  presence  of  this  mineral  cannot  be  detected  in 
ordinary  bituminous  coaL  Coals  of  this  description  are  brittle  and 
opaque,  with  a  lustre  varying  from  dull  to  shining ;  colour,  under  ordi- 
nary circumstances,  black  or  brownish-black ;  when  in  fine  powder, 
brown-black  or  brown;  fracture  uneven  or  somewhat  conchoidal,  the 
fragments  often  presenting  more  or  less  cubical  or  rhombic  forms;  consist 
of  carbon,  hydrogen,  ox3'gen,  nitrogen,  and  sulphur,  with  variable  amounts 
of  inorganic  matter  or  ash.  When  heated  in  a  close  vessel  they  leave  a 
solid  carbonaceous  residuum,  termed  coke.  Bituminous  coals  are  divided 
into  various  classes  in  accordance  with  their  peculiar  chemical  and  phy- 
sical properties,  and  their  applicability  to  various  specific  uses.  Many 
of  these  distinctions  are  merely  local,  or  are  dependent  on  comparatively 
slight  peculiarities,  but  the  general  classification  into  caking  or  coking 
coalsy  on  the  one  hand,  and  norircaking  coals,  on  the  other,  is  both  defi- 
nite and  of  great  practical  importance.  Between  these  two  extremes 
are  numerous  sub-varieties,  whicli  have,  in  different  localities,  received 
names  indicative  of  their  greater  or  less  similarity  to  one  or  other  of  the 
types. 

When  caking  coals  are  strongly  heated  they  become  partially  fused, 
and,  when  in  a  pasty  state,  swell  into  a  spongy  mass,  giving  off  bubbles 
of  gas,  which,  as  it  escapes,  burns  with  a  bright  flame.  Coals  of  this 
description,  when  reduced  to  powder  and  strongly  heated  in  a  covered 
vessel,  agglomerate  into  a  mass  of  coherent  coke.  This  property  of 
caking  varies  in  degree,  in  different  coals,  from  slight  agglutination  to 
almost  complete  fusion. 

The  caking  of  coal  does  not,  however,  take  place  at  a  temperature 
below  that  at  which  its  decomposition  is  effected,  and  consequently  it 
cannot  be  regarded  as  the  result  of  a  mere  fusion  of  its  particles.  It  is,  on 
the  contrary,  caused  by  the  action  of  heat  on  its  constituents  giving  rise 
to  the  formation  of  coal-tar,  which,  becoming  subsequently  charred, 
cements  the  whole  into  a  solid  and  frequently  sonorous  mass.  Even  the 
powder  of  charcoal  or  anthracite,  if  mixed  with  a  small  quantity  of  pitch 
or  coal-tar  and  strongly  heated  in  a  closed  crucible,  will  afford  a  perfectly 
solid  coke,  which,  when  struck,  has  an  almost  metallic  ring. 

Non-caking  coals  are  those  which  do  not,  in  burning,  cake  or 
sinter  together  in  any  sensible  degree,  and  of  which  the  particles,  when 
strongly  heated  in  a  closed  vessel,  do  not  unite  to  form  a  solid  coherent 
coke.  A  fire  supplied  with  coals  of  this  description  remains  open,  allow- 
ing the  air  to  pass  freely  through  it;  whereas  many  varieties  of  caking 
coal  cannot^  without  an  admixture  of  a  non-caking  coal,  be  employed  for 
metallurgical  purposes  on  account  of  the  stoppage  of  the  aiivpassages, 
caused  by  its  agglomeration  into  a  more  or  less  compact  and  impervious 
mass. 

It  would  appear  from  the  researches  of  Professor  Stein  of  Dresden  on 
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the  coals  of  Saxony,  and  from  the  investigations  of  Dr.  Percy  on  those  of 
this  country,  that  the  property  of  caking  is  dependent  rather  on  the  proxi- 
mate constitution  of  a  coal  than  upon  its  ultimate  composition,  and  that  a 
caking  and  a  non-caking  coal  may  have  the  same  elementary  composition. 
This  subject  is,  however,  worthy  of  further  investigation. 

It  has  been  asserted  on  good  authority  that  certain  Welsh  coals  lose 
their  property  of  caking  after  a  few  days'  exposure  to  the  air,  and  M.  de 
Marsilly  states  that  strongly  caking  coal,  which  affords  an  excellent 
coke  when  fresh  from  the  pit^  yields  an  imperfect  coke  after  exposure  to 
the  atmosphere  for  six  months.  The  more  important  conclusions  arrived 
at  by  M.  de  Marsilly  may  be  summarized  as  follows  : — Coal  suffers  a  less 
loss  of  weight  by  desiccation  in  vacuo  than  by  exposure  to  a  temperature 
of  100*  C.  It  begins  to  give  off  gas  at  50**  C,  but  its  evolution  is  not 
very  sensible  below  100**  C.  The  amount  of  gas  evolved  goes  on  in- 
creasing up  to  330**  C,  when  the  decomposition  of  the  coal,  properly 
so  called,  probably  commences ;  a  liquid  product  having  the  odour  of 
benzene  is  distilled  off  at  the  same  time.  The  loss  of  weight  experienced 
by  coal  at  300"  G.  ranges  from  1  to  2  per  cent 

The  caking  of  coal  is  also,  to  a  considerable  extent,  influenced  by  the 
way  in  which  it  is  treated,  since,  in  some  cases,  a  coal  which,  if  heated  in 
the  usual  way,  is  practically  non-caking,  will,  when  rapidly  exposed  in  a 
close  vessel  to  a  very  high  temperature,  yield  a  firm  coherent  coke.  The 
amount  of  moisture  in  a  coal  has  likewise  a  certain  influence  on  its 
property  of  caking,  and  when  a  laige  quantity  of  inorganic  matter  is  pre- 
sent, it  is  not  without  effect  in  diminishing  this  property,  although  Stein 
has  found  that  a  coal  containing  nearly  22  per  cent,  of  ash  may  still  be 
capable  of  caking. 

Strongly  caking  coal,  from  becoming  agglomerated  on  the  grate,  and 
thus  preventing  the  free  passage  of  air,  is  not  often  adapted  for  metal- 
lurgical purposes,  except  in  the  form  of  coke,  and  a  fuel  containing  a 
large  amount  of  a  fusible  ash  may  be  equally  objectionable,  from  the 
choking  of  the  grate  by  the  formation  of  clinkers.  If,  therefore,  a  coal 
possesses,  in  a  high  degree,  the  property  of  caking,  or  yields  a  large 
proportion  of  fusible  ash,  it  is  usually  mixed  either  with  a  non-caking 
variety,  or  with  a  coal  of  which  the  ash  has  a  tendency  to  prevent  the 
formation  of  clinkers,  when  mixed  with  the  more  fusible  ashes  of  the 
other. 

The  following  table,  extracted  from  the  *  Third  Official  Report  on 
Coals  suited  to  the  Steam  Kavy,'  gives  the  percentage  composition  of 
several  varieties  of  British  coal,  together  with  their  specific  gravities  an^ 
the  amount  of  ash  and  coke  yielded  by  each. 

The  results  obtained  by  Regnault  and  Karsten  from  the  analyses  of 
specimens  of  various  foreign  coals  are  given  on  page  47. 
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Composition  of  Vabious  British  Coals. 


•Per- 

Locality  or  Name  of  Cool. 

Specific 
Gravity. 

C. 

H. 

N. 
1-21 

8. 
1-18 

0. 

Ash. 

oentaf^e 

of  Coke 

left 

/Aberaman  Merthyr 

1-805 

90-94 

4-28 

0-94 

1-45 

85  0 

EbbwVale 

1-275 

89-78 

5-15 

2-16 

1-02 

0-39 

1-60 

77-5 

.    Thomas's  Merthyr    . 

1-80 

9012 

4-33 

1-00 

0-85 

2-02 

1-68 

86-53 

•I    Duffryn    .... 

1-326 

88-26 

4-66 

1-45 

1-77 

0-60 

8-26 

84-3 

^  1  Nixon's  Merthyr 
2\Binea        .... 

1-81 

90-27 

4-12 

0-68 

1-20 

2-68 

1-21 

79-11 

1-804 

88-66 

4-63 

1-43 

0-83 

1-03 

396 

88-10 

3 

Bedwas     .... 

1-32 

80-61 

6-01 

1-44 

3-60 

1-50 

6-94 

71-7 

^ 

Hill's  Plymouth  Works    . 

1-85 

88-49 

400 

0-46 

0-84 

8-82 

2-39 

82-25 

Aberdare  Co.'s  Merthyr  . 

1-31 

88-28 

4-24 

1-66 

0-91 

1-65 

3-26 

85-83 

Gadly  Nine-feet  Seam      . 

1-33 

8618 

4-81 

1-09 

0-87 

2-21 

5*34 

86-64 

XResolven  .... 

1-32 

79-33 

4-75 

1-38 

6-07 

inelnded 
iuAflh. 

9-47 

88-9 

/Waiington 

86-81 

4-96 

1-05 

0-88 

5-22 

1-08 

72-19 

Andrew's  House,  Tanfield 

1-26 

85-58 

5-31 

1-26 

1-32 

4-39 

214 

65-13 

Bowden  Close  . 

•.. 

84-92 

4-53 

0-96 

0-66 

6-66 

2-28 

69-69 

Q> 

Hoswell  Wallsend    . 

1-286 

88-47 

6-68 

1-42 

006 

8-17 

0-20 

62-70 

S  i 

Newcastle  Hartley   . 

1-29 

81-81 

5-50 

1-28 

1-69 

2-68 

7-14 

64-61 

1  \  Hedley's  Hartley      . 

1-31 

80-26 

5-28 

1-16 

178 

2-40 

9-12 

72-81 

jS 

Bates'  West  Hartley 

1-25 

80-61 

5-26 

1-52 

1-85 

6-51 

4-25 

••• 

West  Hartley  Main. 

1-264 

81-85 

5-29 

1-69 

1-13 

7-53 

2-51 

69-20 

Buddie's  West  Hartley    . 

1-28 

80-75 

5-04 

1-46 

1-04 

7-86 

8-85 

„ 

\  Hastings*  Hartiey    . 

1-26 

82-24 

5-42 

1-61 

1-35 

6-44 

2-94 

35-60 

/Earl  Fitzwilliam's  Elsecor 

1-296 

81-93 

4-85 

1-27 

0-91 

8-58 

2-46 

61-6 

.    Hayland&Oo.'sEIsecar. 

1-817 

80-05 

4-93 

1-24 

1-06 

8-99 

8-73 

62-5 

M    Earl  FitzwiUiam's  Park  ) 
•S)     Gate     .        .        .         1 
^SButterly  Co.  *8  Portland    . 

1-311 

80-07 

4-92 

215 

1-11 

9-95 

1-80 

61-7 

1-801 

80-41 

4-65 

1-59 

0-86 

11-26 

1-28 

60-9 

S    Butterly  Co.'8  Tiangley     . 
«    Staveley   .... 

1-264 

77-97 

5-58 

0-80 

1-14 

9-86 

4-65 

54-9 

1-27 

79-85 

4-84 

1-28 

0-72 

10-96 

2-40 

67-86 

VLosooeSoft      . 

1-285 

77-49 

4-86 

1-64 

1-80 

12-41 

2-80 

62-8 

ilnoeHallCo-'sArley 

1-272 

82-61 

5-86 

1-76 

0-80 

7-44 

1-53 

64-0 

i 

Haydock  Little  Delf 

1-267 

79-71 

5-16 

0-54 

0-62 

10-65 

8-42 

58-1 

Balcarres  Arley 

1-26 

83-54 

5-24 

0-98 

105 

5-87 

8-32 

62-89 

1 

Blackley  Hurst 

1-26 

82-01 

5-55 

1-68 

1-48 

5-28 

4-06 

67-84 

Ince  Hall  Pemberton  Yard 

1-848 

80-78 

6-23 

1-30 

1-82 

7-68 

2-34 

60-6 

^ 

Haydock  Rushy  Park 
Moss    Hall    Pemberton 
^     Four-feet 

1-328 

77-65 

5-53 

0-50 

1-73 

10-91 

868 

69-4 

1-258 

75-58 

4-82 

2-05 

304 

7-98 

6-68 

55-7 

/Elgin  Wallsend 

1-20 

76-09 

5-22 

1-41 

1-53 

5-05 

10-70 

58-45 

Wellwood 

1-27 

81-86 

6-28 

1-53 

1-57 

6-87 

2-89 

59-15 

1 

Dalkeith  Coronation  Seam 

1-316 

76-94 

5-20 

trace 

088 

14-87 

8-11 

53-6 

Kilmarnock  Skerrington  . 

1-241 

79-82 

5-82 

0-94 

0-86 

11-31 

1-25 

49-8 

1^ 

Fordel  Splint   . 

1-23 

79-58 

5-50 

1-13 

1-46 

8-33 

400 

52-08 

Grangemouth  . 

1-29 

79-85 

5-28 

1-85 

1-42 

8-58 

3-52 

56-6 

Eglinton  .... 

1-25 

8008 

6-50 

1-55 

1-88 

8-05 

2-44 

64-94 

\Dalkeith  Jewel  Seam       . 

1-277 

74-55 

6-14 

0-10 

0-83 

15-51 

4-37 

49-8 
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Composition  of  Yabious  Foreign  Coals. 


Locality  or  Name  of  Coal. 


AUiB,  D^p.  da  Gard 
RiveAle-Gier,  Grand  Croix  . 
FleDll  from  MonB  . 
Decazevilie,  D^p.  Areyron  . 
£piBac  ■  •  .  •  . 
Commentry  .... 
Blanzy  . 

Lippe-Scbaomburg 
C^ral,  D^p.  Ayejron 

Neroi 

Saint-Giroos  .... 
Sainte-Colombe 
Leopoldinengrube,  Up.  Sileua 
KoaigBgmbe,  „ 

Salzer  and  Nenak,  Westphalia 
Hnndsnakf  „ 


c. 

H. 

O.&N. 

Anh. 

Specific 
Oravlty. 

89-27 

485 

4-47 

1-41 

1-322 

87-45 

6-14 

5-63 

1-78 

1-298 

84-67 

5-29 

7-94 

2-10 

1-276 

82-1? 

5-27 

7-48 

6-13 

1-284 

81-12 

6-10 

11-25 

2-53 

1-353 

83-72 

5-29 

11-75 

0-24 

1-319 

76-48 

5-28 

16-01 

2-28 

1-362 

89-50 

4-83 

4-67 

1-00 

1-279 

75-38 

4-74 

9-02 

10-86 

1-294 

63-28 

4-35 

13-17 

19-20 

1-410 

72-94 

5-45 

17-53 

4-08 

1-316 

75-41 

5-59 

17-91 

1-09 

1-305 

73-88 

2-76 

2-47 

20-89 

... 

78-39 

3-21 

17-77 

0-61 

1-285 

88-68 

8-21 

8-11 

... 

1-288 

90-85 

3-20 

6-45 

... 

1-338 

Analysts. 


» Regnault 


>  Karsten. 


The  composition  of  the  ashes  of  a  coal  is  in  a  great  measure  influenced 
by  the  nature  of  the  rock  overlying  the  seam  from  which  it  is  extracted, 
as^  besides  containing  the  inorganic  elements  originally  forming  part  of 
the  plants,  by  the  decomposition  of  which  the  coal  has  been  produced, 
they  will  also,  to  a  certain  degree,  consist  of  various  earthy  and  siliceous 
materials,  deposited  in  the  pores  of  the  coal  by  the  infiltration  of  water 
from  the  strata  above. 

The  analyses  of  the  ashes  of  seven  varieties  of  British  coal  afforded 
the  results  given  in  the  following  table.  The  alkalies  were  not  esti- 
mated. 

COXPOSmON  OF  THE  ASHES  OF  COALS. 


Na 

Name  of  Coal  from 

whiehtheAahwas 

obtained. 

SiO,. 

Al.O,. 

Fe.O... 

CaO. 

MgO. 

SO.. 

P.O.. 

FeS. 

Total. 

1. 
2. 
3. 
4. 

5. 
6. 
7. 

Dowlaia,  N.  Wales 
n               n 
ff               t» 
n                ft 

Bedwas 
Porthmawr  „ 
Foidel      splint,      ) 
Scotch       .        .  i 

85-73 
24-18 
37-61 
39-64 

26-87 
34-21 

37-60 

41-11 
20-82 
38-48 
89-20 

11-15 
26  00 
14-78 
11-84 

2-75 
9-38 
2-53 
1-81 

5-10 
6-20 

3-78 

2-65 
9-74 
2-71 
2-68 

4-45 
8-37 
0-29 
trace 

0-99 
0-21 
2-00 
3-01 

074 
0-63 

0-88 

0-38 

98-83 
99-08. 
98-40 
98-08 

98-08 
97-82 

99-45 

66 
52 

52 

-95 
•00 

•00 

1-19 
0-66 

1-10 

7-23 
4-12 

414 

Nos.  1-4  analysed  by  E.  Riley ;  Nos.  5-7  by  J.  A.  Phillips. 

Cannbl  Coal.— This  is  a  compact,  jet-like  variety  of  coal,  sonorous 
vben  struck,  breaks  with  a  conchoidal  fracture,  and  does  not  soil  the 
fingers  when  handled.  It  is  said  to  derive  its  name  from  the  candle- 
hke- light  it  yields  when  burning,  and   is  .known  to   Scotch  miners 


48 


ELEMENTS  OF  METALLURGY. 


as* 'parrot  coal/' from  the  ciackling,  chattering  sound  it  emits  when 
thrown  on  the  fire.  Cannel  coal  occurs  in  certain  districts  interstratified 
with  ordinary  coal,  and  often  forms,  in  the  Scotch  coal-fields,  the  upper 
portion  of  a  seam  of  non-caking  coal,  or  even  of  a  bed  of  blackband 
ironstone.  It  is  rich  in  disposable  hydrogen,  and  is  used  chiefly  in  the 
manufacture  of  gas,  for  which  purpose  it  is  in  great  demand.  The  can- 
nel coals  of  Wigan  are  mined  in  the  immediate  vicinity  of  that  town,  but 
thin  out  in  every  direction  from  Wigan  as  a  centre. 


Ck>MP06ITI0N  OF 

Cannel  Coals. 

LocaUty. 

Specific 
Gravity. 

C. 

H. 

0. 

N. 

& 

Ash. 

H.OV. 

Analysts. 

Wigan    . 

Tyneside 
Boghead 

1-27 
1-82 
1-82 
1-20 

80-07 
84-07 
78  06 
65-72 

5-58 
6-71 
5-80 
9-03 

810 
7-82 
812 
4-78 

2-10 

1-85 
0-72 

1-50 
2-22 

2-70 

2-40 

8-96 

19-76 

1-91 

Vaux. 
Regnaolt. 
Taylor. 
Stenhouse. 

Dr.  Stenhouse  obtained  the  following  results  as  the  mean  of  three 
analyses  of  the  ash  of  Boghead  cannel : — 


8iO,        .        . 

.      68-81 

A1,0,      .        . 

33-65 

Fe^O,      .        . 

700 

K,0         .        . 

0-84 

NaaO       . 

0-41 

CaO  and  SO,  . 

traces 

.    100-21 

Anthracitb!. — Anthracite  may  be  regarded  aft  the  ultimate  product  of 
the  conversion  of  vegetable  matter  into  coaL  Its  structure  is  perfectly 
homogeneous,  its  fracture  conchoidal,  and  its  colour  a  jet  black,  with  a 
vitreous  lustre,  which  frequently  exhibits  a  remarkable  play  of  colours. 

The  results  obtained  by  various  chemists  by  analyses  of  specimens  of 
this  substance  are  given  below. 


Composition 

OF  Anthracitbb. 

Locality. 

C. 

H. 

O.ftN. 

Ash. 

Speeifio 
GrsTity. 

Analysts. 

Pottsville,  Pennsylvania. 
Rolduo,  near  Aixla-Chapelle . 
Mire,  Braconnidre  . 
SabM,  D^p.  de  la  Sarthe 
Vizille,  I>^.  de  ris^re   . 

Is^re       

Glamorganshire 
Slieyardagh,  Ireland 

90*45 
91-98 
91-46 
87-22 
94-09 
94-00 
91-44 
80-03 

2-43 
3-92 
4-18 
2-49 
1-85 
1-49 
3-84 
2-80 

2-45 
3-16 
2-12 
3-39 
2-85 
3-58 
3-58 

467 
0-94 
2-25 
6-90 
1-90 
4-00 
162 

1-462  ) 

1-867 

1-343 

1-751 

1-730 

1-650 

1-876 

1-590 

Begnault. 

Jaqnelin. 

Wrightson. 
H.  How. 

OcoLusioN  OF  Gases  in  Coal. — The  composition  of  the  gases  en- 
closed in  coal  has  of  late  years  attracted  considerable  attention.    Inve^- 
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tigations  lelafcive  to  this  subject  bave  been  made  in  Germany  by  Dr. 
K  V.  Meyep,^  who  determined  the  volume  and  nature  of  the  gas  evolved 
from  the  coals  of  various  localities,  while  still  more  recently  Mr.  J.  W. 
Thomas  ^  has  experimented  in  this  country  upon  different  varieties  of 
British  coal.  The  experiments  of  v.  Meyer  were  conducted  by  collecting 
and  examining  the  gases  evolved  when  pieces  of  coal  of  the  size  of  nuts 
were  kept  heated  in  water  during  many  hours  at  100**  C.  in  such  a  way  as 
to  avoid  actual  boiling.  Mr.  Thomas  sawed  slices,  each  about  six  inches 
in  length,  out  of  the  middle  of  largo  blocks  of  the  coal  to  be  examined, 
and,  without  delay,  inserted  them  into  glass  tubes  of  suitable  diameter ; 
one  end  having  been  previously  drawn  out  into  a  narrow  neck,  so  as  to 
conveniently  form  a  connection  with  the  Sprengel  mercurial  pump. 
The  other  end  was  then  sealed  before  the  blowpipe,  at  such  a  distance 
as  to  prevent  any  material  increase  of  temperature.  The  usual  water- 
joint  connection  was  then  made  with  the  Sprengel  pump,  the  air  exhausted 
as  quickly  as  possible,  and  the  last  portions  of  the  gases  brought  over  sub- 
jected to  analysis.  When  the  whole  of  the  air  had  been  thus  removed, 
the  tube  containing  the  coal  was  immersed  in  a  vessel  of  boiling  water, 
and  kept  at  a  temperature  of  100"  0.  for  about  seven  hours,  or  until  the 
pump  ceased  to  bring  over  any  appreciable  quantity  of  gaa  For  the 
purposes  of  comparison,  Mr.  Thomas  divides  the  coals  experimented  upon 
into  three  classes,  namely,  house  coal,  steam  coal,  and  anthracite. 

The  gases  evolved  from  these  three  classes  of  coal  differ  materially 
both  in  quantity  and  in  composition.  House  coal,  from  near  the  sur- 
face, contains  little  or  no  marsh-gas,  while  the  percentage  of  carbonic 
anhydride  and  nitrogen  is  usually  very  high.  Steam  coal  occludes  a 
larger  volume  of  gas  than  does  house  coal,  and  it  contains  a  higher  per- 
centage of  marsh-gas.  Anthracite  encloses  by  far  the  largest  volume  of  gas, 
the  composition  of  which  closely  resembles  that  evolved  from  steam  coal. 

The  following  table  gives  the  composition  by  volume  of  the  gases 
obtained  from  the  different  coals  examined  : — 


Oaa  evolved  by 

100  grammea  of 

Co^  at  100*  G. 

(SiyPJm 

vacuo. 

Composition  of  Oases. 

No.  of 
Bamplo. 

Carbonic 
Anhydride. 

Oxygen. 

Manh-gaa. 

Nitrogen. 

C.C. 

1. 

659 

86-42 

0-80 

•  <• 

6278 

2. 

61-2 

1677 

272 

0-40 

80-11 

8. 

65-1 

6-44 

1-05 

6876 

2975 

4. 

24-0 

2216 

6-09 

2-68 

69-07 

6. 

897 

9-48 

2-25 

81-98 

66  34 

6. 

194-8 

5-04 

0-38 

87-30 

7-83 

7. 

2501 

18-21 

0-49 

81-64 

4-66 

8. 

218-4 

5-46 

0-44 

84-22 

9-88 

9. 

147-4 

18-90 

102 

67-47 

12-61 

10. 

876-4 

9-25 

0-84 

86-92  . 

3-49 

11. 

149-8 

11-85 

0-66 

78-47 

14-62 

12. 

216-4 

5-64 

0-54 

8270 

11-12 

18. 

655-5 

2-62 

... 

93-13 

4-26 

14. 

600-6 

1472 

... 

84-18 

1-10 

X  *  Joonal  fttr  practUche  Chimie/  1871,  cxii.  p.  42 ;  1872,  exii.  p.  144  and  p.  407. 
'  'Jour.  Chem.  Soo.,'  vol.  xxviiL  1875,  p.  798. 
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House  Coals. — 1.  Plymouth  Iron- Works.  2.  Plymouth  Iron- Works, 
South  Pit     3.  Cwm  Clydach.     4.  Bettwys  CoaL     5.  Llantwit 

Steam  Coeds, — 6.  Bute  Merthyr  Colliery,  2  ft  9  in.  seam.  7.  Naviga- 
tion Colliery,  upper  4  ft  seam.  8.  Dunraven  Colliery,  upper  4  ft 
seam,  9.  Cyfartha  Colliery,  upper  4  ft  seam.  10.  Bute  Merthyr 
Colliery,  6  ft  seam.  11.  Dunraven  Colliery,  6  ft  seam.  12.  Duffryn 
Colliery,  9  ft  seam. 

Anthracite ^\Z,  Bonville's  Court.      14.  Watney's  Danelly. 

The  present  annual  production  of  coal  in  the  United  Kingdom  is 
about  165,000,000  tons. 


Preparation  of  Carbonized  Fuels. 

Since  all  the  various  substances  used  for  fuel  are  of  organic  origin,  it 
follows  that  they  are  more  or  less  prone  to  decomposition.  Chemical 
combinations  are  stable  within  certain  limits  of  temperature  only,  and 
when  these  points  are  exceeded,  a  series  of  compounds  is  produced  by 
fresh  groupings  of  the  elements  of  which  the  original  substance  was 
composed.  When  a  substance,  such  as  wood,  is  strongly  heated,  the 
arrangement  of  its  elements  is  broken  up,  and  new  compounds  are  pro- 
duced, capable  of  existing  at  the  higher  temperature  at  which  they  are 
formed.  The  nature  of  these  products  will  in  a  great  measure  depend  on 
the  degree  of  heat  which  has  been  employed,  as  those  obtained  at  one 
temperature  will  materially  differ,  both  in  quantity  and  composition,  from 
those  formed  at  another. 

The  results  will,  moreover,  be  essentially  different,  according  as  air  is 
excluded  from  or  admitted  into  the  apparatus  in  which  the  heating  takes 
place.  When  air  is  admitted,  the  products  at  first  formed  are  imme- 
diately subjected  to  the  acti6n  of  oxygen,  which  combines  with  their 
elements  to  form  new  bodies,  and  combustion  is  the  result  If,  on  the 
contrary,  decomposition  is  effected  by  heat  alone  in  closed  vessels,  air 
being  excluded,  the  process  is  known  by  the  name  of  dry  distillation^ 
and  affords  the  means  of  collecting  and  studying  the  various  products 
obtained  at  more  or  less  elevated  temperatures.  This  operation  is  of 
the  greatest  importance,  as  affording  the  means  of  modifying  various 
fuels,  so  as  to  adapt  them  to  the  particular  circumstances  under  which 
they  are  to  be  employed.  When  a  piece  of  wood  or  coal  is  strongly 
heated,  its  elements  so  arrange  themselves  as  to  give  rise  to  various 
gaseous  compounds,  and  these,  escaping  at  an  elevated  temperature,  ignite 
and  produce  flame.  This  combustion  affords  sufficient  heat  to  cause  the 
non-volatile  i5ortion  of  the  fuel  to  combine  with  the  oxygen  of  the  air, 
which  in  its  turn  produces  a  fresh  supply  of  gas  from  that  portion  of  the 
mass  with  which  it  is  in  immediate  contact  In  this  way  combustion  is 
supported  until  the  substance  is  entirely  consumed,  as  the  heat  evolved 
by  the  combustion  of  the  carbon  on  the  outer  surface  of  the  mass  causes 
the  dry  distillation  of  the  inner  portions  with  which  it  is  in  contact ; 
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while  the  gases  thus  evolved  tend  to  facilitate  the  union  of  the  carbon  of 
the  outer  surfaces  with  the  oxygen  of  the  air. 

From  the  large  amount  of  water  contained  in  many  natural  fuels  it  is 
evident  that,  when  burnt,  a  portion  of  the  heat  evolved  must  be  rendered 
unavailable,  as  the  water  present  will  carry  off  by  its  evaporation  a 
portion  of  the  heat  produced.  The  presence  of  hydrogen  and  oxygen, 
virtually  in  combination,  forming  part  of  the  fuel  will  also  give  rise  to 
the  production  of  water,  which  can  only  be  volatilized  at  the  expense  of 
a  portion  of  the  carbon  consumed. 

In  order,  therefore,  to  obtain  a  lai^er  amount  of  combustible  matter 
in  a  given  weight  of  fuel,  it  has  long  been  the  custom  to  expel  the  aque- 
ous and  gaseous  portions  of  such  as  are  required  to  afford  an  intense  heat, 
before  applying  them  to  the  uses  for  which  they  are  intended.  This  is 
the  object  of  charring  wood,  or  converting  it  into  charcoal,  which  opera- 
tion has  more  recently  been  extended  to  peat,  lignite,  and  coaL  In  the 
latter  case  the  process  is  called  coking,  and  the  resulting  product  is 
known  by  the  name  of  coke.  By  this  means,  the  different  kinds  of 
natural  fuels  are  made  to  afford  a  series  of  artificial  ones,  respectively 
better  suited  for  particular  purposes  than  the  substances  from  which 
they  are  derived.  Their  economical  preparation,  therefore,  becomes  a 
subject  of  importance,  not  only  to  the  metallurgist^  but  to  all  who  require 
the  aid  of  elevated  temperatures. 

Charcoal. 

If  we  ignite  a  small  splinter  of  wood,  and  closely  examine  the  way 
in  which  it  bums  when  the  lighted  end  is  held  downwards,  two  distinct 
periods  will  be  observed.  When  the  flame  has  become  weak,  from  vola- 
tile combustible  products  having  ceased  to  be  evolved,  except  in  very 
small  quantities,  it  is  observed  gradually  to  die  out,  and  nothing  will 
remain  but  the  feeble  glimmering  produced  by  the  slow  combustion  of  a 
portion  of  the  remaining  charcoal,  which  not  affording  sufficient  heat  to 
admit  of  the  combustion  of  the  carbon  by  the  oxygen  of  the  air,  soon 
ceases.  If,  so  soon  as  the  flame  has  died  out,  the  chip  be  placed  in  a 
close  vessel,  such  as  a  test-tube  stopped  by  the  finger,  it  will,  from  want 
of  air,  be  quickly  extinguished,  without  any  of  the  glimmering  before 
noticed ;  and  if  a  piece  of  wood  be  at  once  heated  in  a  close  vessel,  so  as 
to  completely  char  it  without  first  producing  ignition,  the  volatile  matters 
are  driven  off,  and  charcoal  is  produced  without  loss  of  carbon  from  the 
action  of  the  air.  In  the  ordinary  methods  of  preparing  charcoal  on  a 
large  scale,  both  these  principles  are,  to  some  extent,  involved ;  as  in  this 
case  a  portion  of  the  wood  is  consumed  in  order  to  sufficiently  raise  the 
temperature  to  drive  off  the  volatile  constituents  of  that  which  remains, 
while  the  combustible  products  of  distillation  are  more  or  less  perfectly 
consumed.  Less  frequently  charring  is  effected  in  large  ovens  or  retorts, 
and  in  that  case  the  second  principle  only  comes  into  play. 
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Whichever  of  these  contrivances  be  employed,  it  is  essential  that 
time  be  allowed  for  the  oxygen  to  combine  with  hydrogen  to  form 
water,  without  which  these  gases  unite  with  and  render  volatile  a  portion 
of  the  carbon,  thereby  diminishing  the  amount  of  charcoal  produced^ 
Karsten,  who  has  carefully  examined  this  subject,  obtained  the  following 
results,  from  which  the  advantage  of  the  slow  over  the  quick  method  of 
charring  becomes  apparent 


Species  of  Wood  employed. 


Percentage  Amount 

of  Chdrcoal  obtained 

bj  Quick  Method  of 

Charring, 


Young  Oak    . 

Old  do 

Young  Red  Beech 

Old  do.  .... 

Young  White  Beech 

Old  da  . 

Young  Alder . 

Old  do.  .... 

Young  Birch  . 

Old  do 

Birch  100  years  old 
Young  Deal  [Pinui  picea) 

Old  do 

Young  Fir  (P.  abies)      . 

Old  do 

Young  Pine  (P.  sylvestrit) 
Old  do.  .... 
Limetree 


16-54 
15-91 
14-87 
14-15 
18-12 
18-65 
14-45 
15-30 
13-05 
12-20 
12-15 
14-J5 
14-05 
16-22 
15-85 
15-52 
13-75 
18-80 


P«roentage  Amount 

of  Charcoal  obtained 

by  Blow  Method  of 

Charring. 


25-60 
25-71 
25-87 
2615 
25-22 
26-45 
25-65 
25-65 
25-05 
24-70 
25-10 
25-25 
25-00 
27-72 
24-75 
26  07 
25-95 
24-60 


The  best  method  of  ascertaining  the  quantity  of  charcoal  yielded  by- 
various  kinds  of  wood  is  to  enclose  a  weighed  fragment  of  the  wood  in  a 
well-covered  crucible  filled  with  charcoal-dust,  and  having  placed  it  in  an 
assay  furnace,  the  heat  should  be  gradually  raised  to  redness,  at  which, 
temperature  it  is  kept  for  about  half  an  hour,  when  the  crucible  must  be 
withdrawn  from  the  fire,  and  allowed  to  cool  previously  to  being  opened. 
Fine  sand  may  be  employed  instead  of  charcoal-dust  for  the  purpose  of 
excluding  air  from  the  wood.  When  the  crucible  has  sufficiently  cooled, 
the  fragment  of  charcoal  is  withdrawn  and  weighed  This  experiment 
should  be  repeated  at  least  twice  on  each  variety  of  wood,  for  the  pur- 
pose of  avoiding  error. 

Preparation  of  Charcoal  in  Piles. — The  charcoal-burner  selects 
for  this  purpose  a  dry  locality,  sheltered  on  at  least  one  of  its  sides, 
either  by  a  hill  or  by  a  portion  of  the  uncut  forest ;  since,  if  the  piles 
were  constructed  in  an  exposed  situation,  it  would  be  difficult  to  prevent 
their  being  so  acted  on  by  the  wind  as  to  cause  an  unequal  charring  of 
the  wood.  When  a  proper  situation  has  been  chosen,  which,  to  prevent 
the  expense  of  carriage,  should  not  be  far  removed  from  the  place  where 
the  wood  has  been  felled,  a  circular  piece  of  ground  of  the  diameter  of 
the  intended  pile  is  marked  out     If  the  soil  be  sandy  and  dry,  this  is 
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done  by  merely  cutting  around  it  a  shallow  drain  for  the  purpose  of 
carrying  off  any  rain-water  which  may  fall  during  the  process  of  carboni- 
zation ;  but  should  there  be  any  reason  for  suspecting  the  dryness  of  the 
soil,  the  surface  is  slightly  raised  by  a  covering  of  stones,  logs  of  wood, 
or  by  the  smaller  branches  of  trees.  The  next  operation  is  to  cover  the 
surface  with  charcoal-dust,  obtained  from  a  preceding  operation,  or,  in 
default  of  this,  a  strew  of  leaves  is  sometimes  employed.  A  long  post  is 
now  driven  into  the  ground  in  the  centre  of  the  circle,  and  it  should  be 
of  such  a  length  that  its  upper  extremity  may  extend  a  little  above  the 
top  of  the  intended  pile.  Around  this  the  wood,  which  has  previously 
been  cut  into  proper  lengths,  is  piled,  as  shown  in  fig.  2.  Great  care  is 
taken  to  avoid  large  cavities  between 
the  billets,  and,  for  this  reason,  those 
situated  immediately  around  the  cen- 
tral post  should  be  made  by  splitting 
the  larger  branches.  In  making  the 
mound,  their  thinner  edges  are  placed 
towards  the  central  post. 

The  more  slantingly  the  billets  are 
placed  against   this  post,  the  greater     '^"^^^ 
will  be  the  spaces  between  them  :  and,     „.         ^       ,  „,,  ,   .     ., 

,,  -  ^,    ^  ,  ,.      ,  Fig.  2.— Charcoal  Pile ;  vertical  section. 

therefore,  the  more  nearly  perpendicular 

they  can  be  piled  consistently  with  the  stability  of  the  mass  and  the 
retention  of  the  external  covering,  the  better  will  be  the  subsequent 
r^ult&  It  is  also  evident  that,  when  logs  are  piled  horizontally  in  con- 
centric circles  radiating  from  the  centre,  considerable  spaces  must  be 
produced  by  the  divergence  of  the  outer  ends  of  the  billets  forming  the 
various  rings;  and,  therefore,  a  combination  of  the  two  methods,  as 
shown  in  the  figure,  is  frequently  adopted.  All  unavoidable  spaces 
resulting  from  the  crookedness  of  the  branches  or  their  radiation  must 
be  carefully  filled  with  small  fragments  of  wood ;  and  when  the  surface 
has  been  thus  made  even,  and  the  top  or  cap  has  been  properly  rounded 
by  the  addition  of  refuse  wood,  the  pile  is  provided  with  its  cover- 
ing. This  consists  of  sods  placed  on  the  heap  with  the  grassy  side 
inwards,  and  beaten  all  over  with  a  shovel  to  make  them  lie  closely  on 
its  surface.  This  is  again  covered  with  earth,  and  the  whole  pressed 
down  for  the  purpose  of  giving  it  solidity.  The  covering  does  not,  how- 
ever, extend  to  the  foot  of  the  pile,  but  is  supported  at  a  few  inches 
from  the  bottom  by  twigs  held  in  their  places  by  forks,  so  as  to  form 
hoops  around  the  lower  part  of  the  pile.  This  open  part  at  the  base  of 
the  mound  is  for  the  purpose  of  allowing  the  escape  of  the  aqueous 
vapours  generated  during  the  first  stage  of  the  operation,  as  no  opening 
is  allowed  at  the  upper  part  of  the  pile,  since  it  would  tend  to  cause  a 
draught  and  consume  a  portion  of  the  wood  to  be  charred. 

The  dimensions  of  the  pile  depend  on  circumstances  incident  to  the 
neighbourhood  in  which  the  charring  takes  place,  but  should  in  no  case 
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be  so  considerable  as  not  to  admit  of  easy  regulation  of  the  temperature. 
Heaps  of  only  10  feet  in  diameter  are  often  met  vith,  but  these  are, 
generally  speaking,  inconveniently  small,  and  piles  of  from  30  to  40  feet 
across  the  base  are,  therefore,  sometimes  preferred. 

In  arranging  the  billets  around  the  central  stake,  care  is  taken  to  leave 
at  the  bottom  a  small  channel  extending  from  it  to  the  exterior  of  the 
pile,  and  by  means  of  this  the  fire  is  communicated  when  it  is  finished 
and  the  external  covering  has  been  well  pressed  down.  Sometimes, 
instead  of  leaving  this  opening,  the  central  stake  is  replaced  by  three 
pieces  of  cleft  wood  so  arranged  and  tied  together  with  bands  of  green 
branches  as  to  form  a  kind  of  chimney  by  which  fire  may  be  communi* 
catcd ;  and  in  this  case  a  horizontal  passage  becomes  unnecessary. 

When  the  pile  is  completed  and  the  covering  securely  packed  down, 
fire  is  communicated  to  the  centre  of  the  mass,  either  by  throwing  lighted 
charcoal  down  the  vertical  chimney,  or  by  introducing  it  through  the 
horizontal  gallery.  For  the  purpose  of  facilitating  ignition,  the  wood 
placed  immediately  around  the  stake  consists  of  half-burnt  charcoal 
resulting  from  a  preceding  operation,  which  is  picked  out  for  that  pur- 
pose as  being  more  combustible  than  ordinary  wood,  of  which  the  other 
parts  of  the  stack  are  composed.  When  the  heap  has  been  ignited,  the 
hole  by  which  the  fire  has  been  introduced  is  closed  with  turf  and  earth  ; 
and  the  first  period,  during  which  the  moisture  is  expelled  from  the  wood, 
commences. 

At  this  stage  great  attention  is  necessary  to  prevent  the  explosion  of 
the  heap,  from  the  ignition  of  a  mixture  of  atmospheric  air  with  the  in- 
flammable gases  produced  by  the  dry  distillation  of  wood.  During  the 
whole  of  the  sweating  period,  large  quantities  of  yellowish-grey  smoke 
escape,  particularly  from  the  uncovered  space  at  the  base  of  the  mound, 
and  the  interior  of  the  covering  becomes  moist  from  the  condensation  of 
aqueous  vapour  expelled  from  the  wood  by  the  action  of  heat.  When 
the  colour  of  the  smoke  issuing  from  the  mound  has  been  observed  to 
change  to  a  light  grey,  without  any  of  the  yellow  tint  before  mentioned, 
the  burner  closes  the  open  annular  space  at  the  base,  and  the  charring 
period  commences. 

The  covering  of  sods  now  requires  to  be  repaired,  as  the  central 
stake  and  the  dry  wood  in  its  vicinity  will  have  become  partially  con- 
sumed, and  have  caused  a  sinking  of  the  top  or  cap  of  the  pile.  The 
upper  part  of  the  covering  is,  therefore,  rapidly  removed,  the  charred 
wood  forced  down  by  means  of  a  long  pole  into  a  compact  mass,  and  the 
cavity  thus  made  immediately  filled  with  fresh  logs.  The  covering  is 
now  replaced  as  quickly  as  possible,  and  any  crevices  which  may 
have  occurred  in  it  from  the  sinking  of  any  part  of  the  mound  are 
stopped  without  delay,  as  they  would  otherwise,  by  admitting  atmos- 
pheric air,  cause  the  combustion  of  a  portion  of  the  wood.  The  pile  is 
now  left  to  itself  for  some  days,  except  that  small  holes  are  from  time  to 
time  made  in  the  covering,  from  four  to  five  feet  above  the  ground. 
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This  is  done  chiefly  for  the  purpose  of  allowing  the  escape  of  tarry 
vapoiirs  and  not  to  admit  the  requisite  amount  of  air,  which  enters 
mainly  by  openings  made  round  the  base  of  the  pile. 

The  dimensions  of  the  pile  have,  at  this  stage,  become  considerably 
reduced,  and  care  nrast  be  taken  to  observe  whether  it  has  equally  dimi- 
nished in  all  its  parts,  or  if  some  portions  of  its  surface  have  sunk,  whilst 
others  are  in  their  original  conditicm,  thereby  giving  an  irregularity  of 
outline. 

If  such  be  the  case,  the  charring  has  been  badly  conducted.  This 
may  to  a  certain  degree  be  obviated  by  covering  the  sunken  or  more 
perfectly  carbonized  parts  with  an  additional  layer  of  sods,  and  by  means 
of  an  aperture  made  in  the  raised  portion  the  draught  may  be  increased 
in  that  direction. 

Towards  the  end  of  the  process,  when  the  wood  in  the  interior  of  the 
pile  has  become  perfectly  carbonized,  it  will  be  found  necessary  to  adopt 
means  to  effect  the  charring  of  those  portions  which  are  in  immediate 
contact  with  the  movable  covering.  In  this  direction  the  wood  is  so 
cooled  by  radiation  and  by  the  condensation  of  aqueous  vapours  as  to 
escape  carbonization ;  and  the  workmen,  therefore,  accelerate  the  draught 
in  this  portion  of  the  heap  by  making  a  second  series  of  holes  in  the  cover- 
ing, parallel  with  those  which  have  before  been  described,  but  at  greater 
distances  from  one  another.  These  are  allowed  to  remain  open  until  the 
smoke  that  issues  from  fhem  is  seen,  by  its  blue  colour,  to  be  free  from 
watery  vapour ;  and,  when  this  period  has  arrived,  they  are  closed,  in 
order  to  give  place  to  others  made  at  a  short  distance  below  them.  Holes 
for  this  purpose  are  never  made  in  the  crown  of  the  pile,  as  the  draught 
ia  naturally  in  that  direction ;  but  in  very  large  mounds,  three  or  even 
four  successive  series  of  openings  are  not  unfrequently  made  at  diffe- 
rent heights  above  the  surface  of  the  ground.  The  time  necessary  for 
the  operation  chiefly  depends  on  the  size  of  the  pile.  Small  piles  are 
generally  carbonized  in  from  six  to  fourteen  days ;  but  if  the  diameter 
be  more  than  thirty  feet,  a  month  will  be  required. 

If  at  the  termination  of  the  process  the  covering  were  removed,  and 
the  heap  broken  up  while  still  hot,  the  access  of  air  would  eause  the  char- 
coal to  ignite,  and  the  whole  would  be  consumed.  On  the  contrary,  if 
the  covering  were  allowed  to  remain  undisturbed  imtil  the  mass  had  cooled 
down,  so  as  to  admit  of  its  being  removed  without  danger,  much  time 
would  be  lost.  The  charcoal  is  therefore  withdrawn  in  small  quantities, 
and  with  suitable  precautions.  In  order  to  do  this,  the  burner  lays  bare 
a  space  of  two  or  three  feet  at  the  bottom  of  the  pile,  and,  with  an  iron 
crook  fitted  to  a  wooden  handle,  withdraws,  one  by  one,  the  logs  of  char- 
coal These,  which  are  red  hot  when  drawn  out,  are  extinguished  either 
with  water  or  by  being  buried  in  sand  or  in  damp  charcoal-dust ;  and  as 
soon  as  the  air  begins  to  act  too  strongly  on  the  exposed  part,  the  open- 
ing is  closed,  and  another  made  in  a  different  part  of  the  pile.  This 
operation,  which  is  repeated  until  the  whole  has  been  removed  and  extin- 
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gnished,  is  best  performed  at  night,  as  the  slightest  spark  is  then  visible, 
and  the  chance  of  loss  from  the  ignition  of  the  charcoal  thereby  reduced. 

In  some  parts  of  Lower  Austria  another  arrangement  is  employed 
for  the  preparation  of  charcoaL  This  process  is  said  to  yield  charcoal  of 
a  better  quality  than  that  obtained  by  the  ordinary  method.  For  this 
purpose  the  logs  are  laid  together  in  the  form  of  a  wedge,  as  shown  in 
tig.  3,  of  which  the  breadth  is  regulated  by  the  length  of  the  logs.  Its 
length  varies  from  twenty  to  thirty  feet.  The  thick  end,  which  is  farthest 
from  that  at  which  the  fire  is  communicated,  is  from  seven. to  nine  feet 
in  height,  whilst  the  thin  end  is  only  about  three  feet  above  the  level  of 
the  soil  In  the  erection  of  a  heap  of  this  kind,  the  burner  commences 
})y  driving  stakes,  a,  around  the  parallelogram  in  which  the  logs  are  to 
be  placed.  These  must  project  from  the  surface  so  as  to  be  of  the  same 
height  as  the  pile  at  the  points  at  which  they  are  respectively  driven. 
Their  outline,  therefore,  in  every  respect  corresponds  with  the  form  of 
the  pile  itself. 

These  stakes  are  so  placed  as  to  leave  a  space  all  round  the  wedge- 
shaped  heap  of  logs  piled  within  the  enclosure.     The  billets  are  usually 


Fig.  3.— Charcoal-bumiBg  ;  rectangular  he;ip. 

eight  feet  in  length;  and  tlierefore  in  order  to  allow  a  space  of  six 
inches  between  their  ends  and  the  sides  of  the  enclosure,  the  latter  is  made 
about  nine  feet  in  width.  .  The  opening  thus  left  between  the  ends  of 
the  wood  and  the  stakes  is  for  the  purpose  of  receiving  the  covering, 
which,  on  account  of  the  perpendicular  sides,  could  not  otherwise  be 
kept  in  its  place. 

Slabs  or  pieces  of  cleft  wood  are  now  applied  against  the  inside  of 
the  posts,  and  wet  charcoal-dust  or  breeze  is  stamped  down  between  them 
and  the  logs  until  the  interval  is  entirely  filled.  When  this  has  been 
done,  the  roof  receives  a  covering  of  twigs,  leaves,  and,  lastly,  charcoal- 
dust  and  earth,  which  is  moistened  with  water  and  well  beaten  down. 
In  each  of  the  longer  sides  of  the  heap  a  series  of  holes  is  made  in  the 
boarding,  but  these  do  not  penetrate  the  charcoal  coating ;  and  in  the 
lower  end  a  larger  one,  b,  is  left  for  the  purpose  of  igniting  the  logs, 
which  is  effected  by  first  filling  the  aperture  with  shavings  or  dry  wood, 
and  then  throwing  some  red-hot  charcoal  between  the  lining  and  the  pile 
of  wood. 
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When  the  fire  has  fairly  taken  hold  of  the  wood,  this  aperture  is 
securely  closed,  and  other  holes,  about  three  or  four  inches  in  diameter, 
are  made  at  a  height  of  about  fifteen  inches  from  the  ground,  in  the  same 
end  of  the  heap.  As  soon  as  the  smoke  issuing  from  these  assumes  a 
clear  blue  colour,  they  are  stopped,  and  others  made  higher  up  in  the 
pile,  which  in  their  turn  are  closed  as  soon  as  the  fire  has  sufficiently 
advanced  towards  them.  By  this  arrangement  the  wood  in  front  of  the 
pile  is  undergoing  the  charring  process,  while  that  placed  behind  is 
merely  losing  its  more  volatile  constituents.  When  the  operation  is 
drawing  to  a  close,  it  is  found  necessary  to  open  a  series  of  holes  in  the 
sides  of  the  heap  just  above  the  level  of  the  soil,  as  by  this  means  the 
charring  of  the  lower  logs  which  constitute  the  bottom  of  the  pile  is 
effected.  These,  from  their  proximity  to  the  ground,  and  the  dampness 
deposited  by  the  sweating  of  the  wood,  would  otherwise  remain  as  imper- 
fectly charred  billets ;  and  therefore,  to  prevent  this,  a  seiies  of  holes  is 
(when  the  heap  is  first  constructed)  cut  in  the  planking  forming  the 
sides.  During  the  early  part  of  the  operation  these  are  closed  by  the 
charcoal-dust,  which  is  closely  packed  between  the  boarding  and  the 
wood  to  be  charred.  But  when  the  fire  is  required  to  descend  to  the 
bottom  of  the  heap,  tbe  draught  is  made  to  pass  in  that  direction  by  re- 
moving the  damp  charcoal-dust  from  before  the  apertures  left  in  the 
planking.  As  soon  as  the  logs  in  front  of  the  pile  have  become  per- 
fectly charred  they  are  removed,  and  being  thus  withdrawn  from  the 
action  of  heat  shortly  after  the  operation  is  finished,  they  not  only  yield 
a  larger  amount  of  charcoal,  but  that  produced  is  of  better  quality  than 
is  afforded  by  the  ordinary  process. 

In  the  operation  of  charcoal-burning  the  dry  distillation  of  the 
greater  portion  of  the  wood  is  effected  by  the  combustion  of  a  certain 
quantity,  which  may  be  considered  as  the  fuel  necessary  to  produce  the 
required  heat^  In  order  to  conduct  the  operation  with  the  greatest 
possible  economy,  no  more  air  should  be  admitted  than  is  absolutely 
necessary  for  the  combustion  of  this  amount  of  fuel,  as  any  further 
supply  will  cause  more  to  be  consumed  than  is  required  for  the  dry  dis- 
tillation of  the  mass. 

The  success  of  these  processes  is  also  much  influenced  by  the  fact 
that  the  smoke  and  vapours,  contrary  to  their  natural  course,  are  made 
to  take  a  downward  direction,  which  not  only  affords  the  workman  the 
opportunity  of  attentively  watching  the  changes  which  are  taking  place, 
but  also  gives  him  time  for  taking  steps  to  prevent  the  access  of  too 
large  an  amount  of  air.  Ordinary  wood  loses  from  twenty  to  twenty- 
five  per  cent  of  its  bulk  during  the  process  of  charring ;  and,  conse- 
quently, the  dimensions  of  the  charcoal  produced  from  a  given  quantity 
of  wood  are  much  less  than  those  of  the  original  pile  before  the  applica- 
tion of  fire.  This  diminution  naturally  tends  to  produce  cavities  between 
the  fuel  and  its  covering,  which,  if  formed,  would  become  accessible  to 
air,  and  thereby  cause  a  useless  consumption  of  wood.     In  the  case, 
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however,  of  the  movable  coverings  employed  for  this  purpose,  this 
inconvenience  can  seldom  occur,  since,  in  proportion  as  the  size  of  the 
heap  becomes  less  through  shrinking,  the  covering  will  sink  with  it, 
and  is,  therefore,  more  effective  in  excluding  the  air  than  any  fixed  roofing 
which  could  be  substituted  for  it. 

The  loss  arising  from  the  combustion  of  a  portion  of  the  charcoal  is 
also  diminished  by  the  way  in  which  the  charring  is  conducted.  The 
piles  are  always  first  lighted  at  the  bottom ;  and,  consequently,  the 
lower  portions  will  have  become  charred  before  those  parts  which  are 
in  immediate  contact  with  the  covering  are  much  affected  by  heat. 
In  this  -way  the  charcoal  which  has  arrived  at  the  last  stage  of  car- 
bonization will,  by  the  heat  which  it  evolves,  cause  the  dry  distillation 
of  the  wood  immediately  in  its  vicinity,  which,  from  the  combustible 
gases  evolved  and  the  burning  of  a  portion  of  the  wood,  protects,  by 
a  zone  greedy  for  oxygen,  the  portion  already  charred  from  further  action 
of  the  air. 

All  these  methods  of  charcoal-burning  have,  however,  the  disadvan- 
tage of  allowing  the  volatile  constituents  of  the  wood  to  escape,  and  these 
are  more  or  less  valuable  according  to  the  locality  in  which  they  are  pro- 
duced. Various  plaus  have  been  proposed  to  prevent  this  loss.  For 
this  purpose  it  has  been  suggested  that  the  covering  of  the  pile  should 
consist  of  hurdles  covered  with  clay,  into  which  pipes  for  carrying  off 
the  volatile  products  could  be  fitted  Others  have  proposed  that,  instead 
of  covering  the  heap  with  earth  or  sand,  slaked  lime  should  be  employed, 
so  as  to  combine  with,  and  thereby  fix,  the  pyroligneous  acid.  Both 
these  plans  have,  however,  been  found  to  fail,  as  the  first  destroys  the 
flexibility  of  the  covering,  and  the  second  retains  but  a  small  portion  of 
the  acid  produced. 

If  the  method  of  carbonization  in  long  piles  be  resorted  to,  instead  of 
those  more  usually  employed,  the  gaseous  and  liquid  products  of  distilla- 
tion may  be  collected  by  an  iron  pipe  placed  in  the  higher  end  of  the 
heap,  which,  being  connected  with  a  worm-tub  filled  with  water,  will 
discharge  any  products,  which  may  be  condensed,  in  the  liquid  form. 
In  cases  where  the  site  of  the  pile  can,  from  the  facility  of  carriage 
afibrded  by  a  stream  of  water  or  otherwise,  remain  stationary,  the  heap 
may  be  built  over  a  funnel-shaped  pit  lined  with  clay,  which  having  at 
its  lower  part  an  inclined  channel,  either  of  iron  or  clay,  conveys  a  pop- 
tion  of  the  impure  acid  and  tarry  matters  into  a  reservoir,  where  they 
gradually  accumulate.  The  time  required  for  eifecting  the  complete 
charring  of  a  heap  or  mound  usually  varies  according  to  its  size,  the 
dryness  of  the  wood,  the  state  of  the  weather,  and  other  circum- 
stances. Charcoal-burning  in  large  rectangular  piles  is  extensively 
practised  in  some  parts  of  Sweden,  where  the  base  is  sometimes  a 
square  of  about  20  feet,  but  is  more  frequently  a  rectangle  of  about 
20  by  25  feet.  In  China  the  carbonization  of  wood  is  conducted 
iu  pits,  provided  with  a  chimney  communicating  with    the  bottom. 
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After  being  filled  uith  M'ood,  the  top  is  closed  by  a  covering  of  earth, 
and  the  necessary  air  is  admitted  through  a  channel  opposite  the  chim- 
ney, which  communicates  with  the  pit  half-way  between  its  top  and 
bottom.  Five  days  after  lighting,  the  SDioke  begins  to  give  indications 
of  the  completion  of  the  process,  and,  when  it  lias  become  nearly  trans- 
parent, the  pit  and  chimney  are  both  hermetically  sealed.  At  the  expira- 
tion of  five  or  six  days  from  the  stopping  of  the  chimney,  the  charcoal 
has  sufficiently  cooled  to  admit  of  the  pit  being  uncovered  for  the  pur- 
pose of  its  removal  *'  Stockholm  tar "  is  made  in  a  somewhat  similar 
manner  in  Sweden  and  Finland  from  the  root  wood  of  pine  trees. 

Mamufagtubb  op  Chabooal  in  Kilns. — The  kilns  used  for  tliis 
purpose  in  the  United  States  of  America  are  of  three  principal  forms, 
namely,  rectangular,  cylindrical,  and  conical.^  The  first  of  these  is  a 
rectangular  chamber  with  an  arched  roof  from  40  to  50  feet  in  length, 
12  to  18  feet  in  width,  and  about  the  same  height  to  the  spring  of  the 
arch,  which  has  a  rise  of  about  5  feet  to  its  crown.  The  capacity  varies 
from  55  to  90  cords  of  wood,  and  kilns  of  the  latter  size  will  yield,  under 
favourable  circumstances,  about  4000  bushels  of  charcoal. 

In  the  end  walls  are  two  doors,  each  about  5  feet  square,  the  npper 
ones  serving  for  introducing  the  wood  and  the  lower  for  discharging  the 
charcoal  Three  series  of  vent-holes,  about  1  foot  apart  vertically  and 
16  inches  horizontally,  are  left  in  the  lower  part  of  the  walls  for  the 
introduction  of  the  necessary  air  and  to  allow  of  the  escape  of  the  various 
products  of  combustion  and  distillation.  The  walls,  which  are  15  inches 
in  thickness,  are  strengthened  at  intervals  by  brick  buttresses,  and  by 
bracings  and  tie-rods. 

The  wood  with  which  the  kiln  is  cbaiged  is  cut  into  4-feet  lengths, 
piled  flat^  and  as  closely  as  possible ;  four  men  are  required  to  charge  a 
45<ord  kiln  in  one  day.  When  the  kiln  has  been  fired,  the  doors  are 
elosed  and  carefully  luted  with  mortar,  which  is  also  employed  for 
closing  the  vents  as  soon  as  the  condensable  products  of  distillation 
have  escaped. 

The  kiln  may  be  lighted  by  a  chimney  left  in  the  centre  of  the 
charge,  or  by  a  channel  running  longitudinally  through  the  middle, 
opening  at  the  two  lower  doors  at  the  ends.  The  operation  is  easily 
conducted  provided  the  walls  are  tight  The  smoke  which  first  issues  is 
yellow,  but  becomes  blue  about  the  fifth  or  sixth  day,  when  the  vents 
must  be  hermetically  closed.  From  four  to  eight  days  are  required  for 
cooling,  which  is  sometimes  accelerated  by  the  use  of  water.  This, 
however,  to  some  extent  deteriorates  the  quality  of  the  charcoal  The 
-whole  charge  can  be  drawn  by  four  men  in  one  day,  but  from  6  to  10  per 
centb  of  impeiiectly  charred  wood  is  found  upon  the  floor.  These  brands 
may  either  be  returned  with  the  next  charge  or  be  employed  as  ordinary 
fael     The  rectangular  kiln  is,  however,  going  out  of  use  on  account  of 

I  '  On  the  Hannfaotare  of  Charcoal  in  Kilns/  by  T.  Egleston.  Trans.  American 
Institute  of  Mining  Engineers,  toL  viii.  p.  ^3. 
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the  difficulty  of  keeping  it  air-tight  when  of  large  size,  while  small  ones 
cannot  he  worked  economically. 

The  cylindrical  kiln  is  a  chamber  of  28  feet  in  diameter  and  12  feet 
in  height,  which  is  sometimes  very  slightly  coned.  This  is  covered  by 
a  dome  of  about  6  J  feet  rise,  and  is  bound  with  broad  wrought-iron  rings. 

There  are  two  principal  openings — a  circular  one,  about  5  feet  in 
diameter  in  the  roof,  and  a  rectangular  one  upon  the  ground  level  A 
large  portion  of  the  charge  is  introduced  by  the  lower  opening,  while  the 
higher  one  is  used  for  filling  the  upper  parts  of  the  kiln.  The  whole  of 
the  charcoal  is  removed  through  the  lower  opening.  The  filling  is  com- 
menced by  placing  pieces  of  wood  about  6  inches  in  diameter  radially  on 
the  floor,  leaving  interstices  between  them  as  air-channels.  Above  these 
are  placed  about  2  feet  of  dry  wood  and  brands,  keeping  a  central  space 
about  4  feet  in  diameter,  which  is  carried  to  the  top  of  the  kiln  to  serve 
as  a  chimney.  The  wood,  which  is  placed  horizontally,  is  packed  as 
closely  as  possible,  and  when  no  more  can  be  put  in  through  the  lower 
door,  it  is  closed,  and  the  charging  continued  from  abova  Shavings  and 
brushwood  are  then  placed  in  the  central  chimney,  while  the  horizontal 
and  radial  air-channels  have  been  partially  filled  with  the  same  material 
during  the  charging  of  the  kiln.  From  four  to  five  men  can  chaige  a 
45-cord  kiln  in  one  day. 

The  firing  is  effected  by  a  long  torch  introduced  through  the  bottom 
door,  by  which  the  inflammable  materials  in  the  radial  air-channels  are 
ignited.  Six,  seven,  or  even  ten  days,  according  to  the  size  of  the  kiln» 
are  required  for  charring,  and  from  four  to  six  days,  after  closing  all 
the  vents,  are  necessary  for  cooling.  The  charcoal  is  discharged  in  one 
day. 

The  objection  of  want  of  stability  made  with  regard  to  rectangular 
kilns  applies  with  even  greater  force  to  cylindrical  ones,  and  they  are 
consequently  being  given  up  in  favour  of  a  conical  form,  which  has 
usually  a  smaller  capacity  than  either  of  the  two  preceding  varieties. 
The  usual  dimensions  are  20  to  25  feet  in  diameter  at  the  base,  with  a 
height  of  from  20  to  25  feet,  taking  from  25  to  40  cords  of  wood,  and 
having  the  walls  so  battered  as  to  require  no  kind  of  bracing.  These 
kilns,  in  some  cases,  form  a  single  truncated  cone ;  in  others  they  are 
formed  of  a  combination  of  two  cones,  of  which  the  flatter  forms  a  roof 
to  the  steeper  one ;  while,  in  a  third  variety,  the  walls  are  coned  to  a 
height  of  about  6  feet  only,  the  remaining  14  feet  being  curved  to  the 
arc  of  a  circle.  The  doors  are  arranged  and  the  charging  and  discharg- 
ing conducted  in  a  manner  generally  similar  to  that  described  for  the 
cylindrical  kiln. 

A  kiln  containing  35  cords  of  wood  requires  one  day  for  charging, 
three  days  for  cooling,  and  a  day  for  dischaiging.  The  yield  of  charcoal 
in  the  best-conducted  establishments  is  about  50  bushels  per  cord, 
although  in  the  case  of  hardwood  it  may  sometimes  be  as  high  as  60 
bushels.     The  weight  of  the  charcoal  produced  varies  with  the  nature  of 


FUEL. 


6l 


the  wood  used,  white  pine  being  9*8  lbs.  and  the  hardest  sugar  maple 
18-95  lbs,  per  bushel 

In  all  cases  it  is  desirable  to  face  the  vents  in  these  kilns  with  cast- 
iron,  'since  without  such  a  protection  the  mortar  in  their  immediate 
Ticinity  is  rapidly  acted  upon  by  pyroligneous  acid. 

When  the  collection  of  the  volatile  constituents  of  wood  becomes  a 
matter  of  great  importance,  the  charring  is  conducted  in  stationary 
kilns  or  furnaces,  from  which  they  may  be  conveyed  by  proper  appli- 
ances into  receivers  adapted  for  the  purpose.  Such  kilns  or  furnaces  are 
of  two  kinds.  In  the  first,  carbonization  is  effected,  as  in  the  case  of  the 
common  charcoal  pile,  at  the  expense  of  a  certain  portion  of  the  wood, 
which  is  consumed  in  order  to  produce  the  her.t  necessary  for  the 
distillation  and  charring  of  the  remainder.  In  the  second  variety, 
the  heat  necessary  for  the  dry  distillation  of  the  wood  is  not  obtained  by 
the  combustion  of  any  part  of  the  charge  of  the  kiln,  but  is,  on  the  con- 
trary, itdsed  by  the  expenditure  of  a  certain  amount  of  fuel,  entirely 
distinct  from  that  from  which  charcoal  is  to  be  manufactured. 

Figs.  4  and  5  represent  a  section  and  plan  of  one  of  the  many  kilns 
belonging  to  the  first  class.     In  this  arrangement  the  air  has  access  into 


Fl^.  4.— Charcoal  Kiln  ;  vertical  section. 


Fig.  5.— Charcoal  Kiln  ;  plan. 


the  furnace  through  the  grate,  a.  This  kiln  is  partially  filled  through 
the  door,  h,  and  when  the  charge  has  been  raised  to  that  level,  the 
remainder  of  the  wood  is  introduced  through  the  aperture,  c,  left  for  that 
purpose  in  the  crown  of  the  dome.  When  the  charging  has  been  com- 
pleted, the  openings,  b  and  c,  are  closed  by  doors  or  tiles  against  which 
earth  is  thrown  for  the  purpose  of  excluding  the  air.  The  wood  is  now 
ignited  by  kindling  a  fire  in  the  ash-pit  immediately  beneath  the  grate  ; 
and  when  it  has  become  fairly  alight,  the  draught  is  regulated  by  a 
sliding  door,  d. 

As  soon  as  the  walls  of  the  kiln  have  attained  a  sufficient  heat  to 
complete  the  operation,  the  door,  d,  is  closed,  and  the  kiln  left  to  itself, 
nntil  the  whole  of  the  wood  which  it  contains  has  been  converted  into 
charcoal     The  volatile  ingredients  escape  through  the  aperture,  e,  and 
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are  more  or  less  completely  coadensed  by  passing  throngli  a  series  of 
tubes  surrounded  by  water. 

The  grate  at  the  bottom  of  these  kilns,  instead  of  being  made  of 
iron  bars,  is  a  kind  of  trellis  formed  either  of  open  brickwork  or  of 
perforated  tiles ;  and  when  the  apertures  of  these  are  small,  the  firing 
of  the  charge  is  eflFected  through  the  door,  b.  When  the  operation 
is  terminated,  all  the  apertures  by  which  air  could  be  admitted  are  com- 
pletely closed,  and  the  kiln  is  allowed  to  cool ;  the  charcoal  being  finally 
withdrawn  through  the  door,  b. 

Kilns  of  different  constructions  are  in  various  places  employed  for 
the  production  of  charcoal,  according  to  this  principle.  Some  of  these 
are  made  quadrangular,  and,  in  form,  nearly  resemble  the  boarded  heaps 
before  described.  Two  openings  in  the  lower  end,  to  which  doors  are 
adapted,  serve  for  charging  the  wood  and  withdrawing  the  charcoal 
when  made,  while  the  requisite  supply  of  air  is  obtained  through  aper- 
tures in  the  walls.  The  first  row  of  holes  is  made  on  the  same  level  as 
the  ground  on  which  the  kiln  stands ;  the  second  at  eighteen  inches  from 
the  floor ;  and  the  third  at  a  distance  of  about  three  feet  from  the  first 

When  the  wood  is  placed  in  the  kiln,  a  channel  is  constructed  in 
the  direction  of  its  longer  axis,  which  corresponds  with  a  door  at  the 
lower  end  of  the  brickwork.  By  this  opening  fire  is  communicated  to 
the  charge,  and  as  soon  as  ignition  of  the  mass  has  taken  place,  the  door 
by  which  it  was  lighted  is  closed.  As  the  process  proceeds,  the  aper- 
tures are  successively  closed  by  plugs  of  clay,  and  when  the  operation 
has  been  completed,  the  whole  of  the  exterior  surface  is  covered  with 
clay.  The  gases  and  other  volatile  ingredients  escape  through  a  pipe 
placed  in  the  higher  end  of  the  kiln  for  that  purpose,  and  when  the 
charge  has  become  completely  charred,  it  is  allowed  to  remain  untouched 
until  it  has  grown  nearly  cold.  In  large  kilns  of  this  description,  the 
cooling  often  occupies  several  days,  since,  if  they  were  opened  before 
being  reduced  to  a  proper  temperature,  the  air,  on  coming  in  contact 
with  red-hot  charcoal,  would  cause  it  to  be  consumed. 

Appliances  of  the  second  kind,  ue,,  where  the  heat  necessary  for  char- 
ring the  charge  is  applied  from  without,  are  employed  chiefly  where  the 
charcoal  produced  is  of  less  value  than  the  tar,  pyroligneous  acid,  naph- 
tha, and  other  volatile  ingredients,  and  are  therefore  seldom  used  by  the 
metallurgist  for  the  preparation  of  the  fuel  he  requires.  Coniferous 
woods  yield  the  largest  amount  of  tar,  and  are  consequently  those  most 
frequently  subjected  to  distillatipn  when  the  production  of  that  substance 
is  the  important  consideration.  The  arrangements  by  which  both  the 
tar,  &&,  and  charcoal  may  be  made  available  are  extremely  various,  but 
one  of  those  best  adapted  for  the  purpose  consists  of  a  cast-iron  cylinder, 
so  set  in  brickwork  that  the  flame  and  strongly-heated  gases  escaping 
from  a  fireplace  below  may  circulate  freely  around  it  The  wood  to  be 
charred  is  placed  in  the  cylinder  through  an  opening  which  can  be  her- 
metically closed.     This  is  done  by  a  luted  door,  and  the  vapours  arising 
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daring  the  distillation  are  conveyed  by  an  iron  pipe  into  a  worm-tub, 
where  those  products  which  are  capable  of  assuming  the  liquid  form  are 
condensed.  When  the  wood  in  the  retort  ceases  to  give  ofif  tarry  vapours, 
the  luted  door  is  removed,  and  the  charcoal  is  withdrawn  by  rakes.  On 
being  withdrawn  from  the  retort,  it  falls  into  sheet-iron  cases,  which, 
being  famished  with  closely-fitting  covers,  prevent  the  combustion  of 
the  red-hot  charcoal,  and  in  these  it  is  allowed  to  cool.  By  a  more 
recent  improvement  in  the  construction  of  retorts  of  this  description,  the 
non-oondensable  gases  issuing  from  the  wood  in  process  of  charring  are 
made  to  afford  a  portion  of  the  heat  necessary  for  carrying  on  the  opera- 
tion. This  is  done  by  conducting  the  vapours,  which  escape  condensa^ 
tion  on  passing  through  the  worm-tubs,  under  the  bottom  of  the  vessel 
in  which  the  wood  is  heated.  When  this  arrangement  has  been  raised 
to  a  certain  temperature  by  a  fire  placed  under  the  retort,  and  consider- 
able quantities  of  combustible  gases  are  evolved,  they  become  ignited  on 
coming  in  contact  with  the  flame  from  the  grat^  and  thus  afford  suffi- 
cient heat  for  completing  the  operation. 

The  average  weight  of  charcoal  produced  by  the  pile  or  stack  pro- 
cess from  ordinary  wood  amounts  to  about  22  per  cent  When  the  dis- 
tillation is  carried  on  in  close  ovens,  this  quantity  is  frequently  increased 
to  27  per  cent ;  but  as  about  5  per  cent  is  required  for  heating  the  oven 
or  retort,  this  method  in  reality  affords  results  very  little  superior  to  those 
obtained  from  the  common  charcoal  mound. 

Mushet,  who  made  a  series  of  experiments  on  the  amount  of  charcoal 
yielded  by  different  kinds  of  wood,  obtained  the  annexed  results.  This 
investigation  was  conducted  on  a  small  scale,  and  the  woods,  before  being 
charred,  were  thoroughly  dried,  and  pieces  of  each  sort  selected  as  nearly 
alike  in  every  respect  as  possible.  One  hundred  parts  of  each  kind  were 
employed,  and  respectively  yielded  the  following  amounts  of  charcoal : — 

Per  ofi&t* 
Lignum  Yite  afforded  26*0,  of  a  greyish  colour,  resembling  coke. 

Mahogany  „  25  '4,  tinged  with  brown,  spongy  and  porous. 

Labomum  „  24*5,  velvet  black,  oompact»  very  hard. 

Chestnut  „  23 '2,  glossy  black,  compact,  firm. 

Oak  „  22*6,  black,  dose,  very  firm. 

Walnut  „  20 '6,  dull  bhick,  close,  firm. 

Holly  „  19*9,  dull  black,  loose,  and  bulky. 

Beech  „  19*9,  dull  black,  spongy,  firm. 

Sycamore  „  197,  fine  black,  bulky,  moderately  firm. 

Elm  „  19*5,  fine  black,  moderately  firm. 

Norway  Pine  „  19*2,  shining  black,  bulky,  very  soft. 

Willow  „  18*4,  velvet  black,  bulky,  loose,  and  soft. 

Ai^  „  17*9,  shining  black,  spongy,  firm. 

Birch  „  17*4,  velvet  black,  bulky,  firm. 

Scottish  Pine  1,  16*4,  tinged  with  brown,  moderately  firm. 

The  specific  gravity  of  charcoal  varies  with  the  nature  of  the  wood 
from  which  it  is  mannfactured,  the  denser  varieties  usually  affording  the 
heaviest  charcoal,  and  vice  versd,  Hassenfratz,  who  has  made  careful 
experiments  on  this  suhject)  gives  the  following  specific  gravities  for  dif- 
ferent kinds  of  wood-charcoal,  interstices  included : — ^Alder,  0*134;  birch^ 
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0-203;  white  beech,  0183 ;  oak,  0*155  ;  red  beech,  0187  ;  and  red  fir, 
0*176.  Knapp,  who  made  his  experiments  on  a  large  scale,  found  the 
following  numbers  as  the  weight  of  a  cubic  foot  of  various  kinds  of  wood- 
charcoal  : — Beech-wood  charcoal  (split  wood),  8  to  9  lbs. ;  charcoal  from 
split  oak  wood,  7  to  8  lbs. ;  pine  wood,  5*5  to  7  lbs. ;  of  the  softer  kinds  of 
wood,  4*5  to  5*5  lbs. 

The  charcoal  obtained  from  wood  by  the  methods  above  described  is 
not  pure  carbon  mixed  with  the  inorganic  constituents  of  wood,  and  on 
being  strongly  heated  in  a  closed  platinum  crucible,  a  considerable  loss  of 
weight  is  experienced  through  the  expulsion  of  volatile  matter. 

The  analysis  of  beech-wood  charcoal  produced  by  the  ordinary  mound 
process  afforded  Faisst  the  following  results,  exclusive  of  ash : — 

H,0 7-23 

C 88-89 

H 2-42 

OandN 1-46 


Ash  =  802  per  cent  10000 

Charcoal  has  also  the  property  of  absorbing  considerable  quantities  of 
water  from  exposure  to  the  air.  Allen  and  Pepys  found  that  by  a  week's 
exposure  to  a  moist  atmosphere  the  charcoal  of 

p..  r  cent.  Percent. 


Lignum  VitsB  gained  in  weight  .      9*6 

Fir 130 

Box 14  0 


Beech  gained  in  weight         .        .     1 6*3 

Oak 16-6 

Mahogany 18*0 


Common  charcoal  when  kept  in  store  contains,  on  an  average,  about 
12  per  cent,  of  hygroscopic  water. 

In  addition  to  its  facility  for  taking  up  aqueous  vapours,  charcoal 
possesses  the  property  of  absorbing  large  quantities  of  any  gas  by  which 
it  may  be  surrounded. 

The  following  table  indicates  the  number  of  volumes  of  different  gases 
which  one  volume  of  charcoal  is  capable  of  absorbing : — 


HCl 
SO, 

COj 


90 

CO 

85 

0 

65 

N 

55 

H 

85 

9*42 
9-25 
6-50 
1*25 


Peat-Charcoal  or  Peat-Coke. 


The  charcoal  obtained  from  peat  is  subject  to  disadvantages  which 
prevent  its  general  application  to  metallurgical  purposes.  In  the  first 
place,  peat  usually  contains  a  large  amount  of  ash,  and  yields  only  from 
24  to  30  per  cent,  of  charcoal,  which  must  therefore  yield  a  very  large 
proportion  of  earthy  matter  when  burnt,  and  is  thus  rendered  useless  for 
many  operations  to  which  it  might  otherwise  be  advantageously  applied. 
If  we  suppose,  for  example,  that  a  variety  of  peat  contains  10  per  cent 
of  incombustible  matter,  and  affords  25  per  cent  of  coke,  it  is  evident 
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that  the  coke  thus  produced  would  contain  no  less  than  40  per  cent  of 
ash,  which  would  render  it  unfit  for  many  of  the  purposes  for  which,  if 
more  free  from  ash,  it  might  be  employed.  Besides  this,  it  is  found 
impossible  to  transport  peat-charcoal  to  any  considerable  distance  from 
the  place  where  it  is  prepared,  for,  being  extremely  friable,  it  soon  falls 
to  pieces,  and  is  thereby  rendered  worthless  as  a  fuel.  In  blast-f umacesj 
where  it  has  to  sustain  the  weight  of  the  charges  above  it,  this  charcoal 
is  found  to  crumble  and  choke  the  blast,  and  it  can  therefore  be  employed 
only  under  steam-boilers,  in  forge  fires,  or  in  reverberatory  furnaces. 

Charring  in  Heaps. — From  the  circumstance  of  peat  being  generally 
cut  in  the  form  of  rectangular  bricks,  it  admits  of  being  piled  so  as  to 
leave  but  few  interstices  between  the  blocks  ;  and  from  being  less  readily 
combustible  than  wood,  the  heaps  in  which  it  is  prepared  require  a  less 
perfect  covering,  and  may  be  built  of  smaller  size.  The  heaps  commonly 
employed  for  making  peat- charcoal  are  from  seven  to  ten  feet  in  diameter, 
and  four  feet  in  height  After  a  proper  situation  has  been  selected  for 
the  mound,  a  post  is  driven  into  the  ground,  and  around  this  the  blocks 
of  turf  are  placed  in  concentric  rings.  At  the  bottom  are  four  channels, 
made  of  the  thickness  of  a  brick,  for  the  purpose  of  admitting  air  into 
the  arrangement  These,  which  are  at  right  angles  to  one  another,  com- 
mencing at  the  central  stake,  and  terminating  at  the  periphery  of  the  circle 
described  by  the  base  of  the  mound,  are  subsequently  used  for  regulating 
the  rapidity  of  the  carbonizatioa  When  the  peat  has  been  properly 
arranged,  the  mound  is  first  covered  with  an  inner  layer  of  moss  or  leaves 
and  by  an  outer  covering  of  sods  or  charcoal-dust,  which  is  \\fell  packed 
down  to  exclude  the  aic  Some  dry  wood  for  igniting  the  mass  is  then 
placed  at  the  bottom  of  the  stake,  and  the  fire  is  communicated  through 
one  of  the  channels  before  described.  By  the  alternate  opening  and 
shutting  of  these,  the  combustion  is  equally  effected  in  all'  parts  of  the 
mound;  and  as  soon  as  flame  begins  to  appear  from  the  crown,  which  for 
a  small  space  around  the  stake  is  left  uncovered,  the  opening  is  closed 
with  turf  and  earth,  and  the  completion  of  the  charring  accomplished  by 
means  of  holes  made  all  round  in  the  covering,  which,  commencing  near 
the  top,  are  brought  down  by  six  inches  at  a  time  until  they  reach  the 
bottom  of  the  heap.  In  this  process,  as  in  that  of  charring  wood,  the 
progress  of  the  operation  is  known  from  the  colour  of  the  smoke  evolved. 
Knapp  states  the  produce  in  charcoal  of  the  mounds  examined  by  him 
to  have  been  as  follows  : — 


1 

Gave  per  cent 
in  Weight 

Gave  per  cent 
in  VoluQie. 

Pemt,  not  completely  air-dried 

1      „    lir-dried 

n    from  Pf  ungstadt,  very  dry 

n     of  good  quality,  quite  dry       .         .  ^      . 

.«     from  the  Siegen  district,  very  good 

24 

27 
80 
85i 
23 

27 

82i 

29 

49 

40 
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The  peat  is  only  withdrawn  from  the  mound  after  being  allowed  to 
cool  down  to  a  proper  temperature,  as  the  use  of  water  for  quenching  it 
is  objectionable  on  account  of  the  facility  with  which  the  resulting  char- 
coal becomes  reduced  to  powder.  The  amount  of  charcoal  furnished  by 
peat  when  the  experiments  are  made  on  a  small  scale  is  usually  greater 
than  those  above  given,  as  there  is  then  less  loss  sustained  from  the 
crumbling  nature  of  the  product. 

Charring  in  Ovens. — Although  the  product  obtained  from  carboniza- 
tion in  ovens  is  not  much  greater  than  that  yielded  by  the  ordinary  pro- 
cess, yet  the  supply  of  air  and  the  rapidity  of  charring  are  more  easily 
regulated,  and  consequently  the  operation  is  more  satisfactorily  conducted, 
when  ovens  are  employed. 

One  of  the  forms  given  to  these  ovens  is  that  used  at  the  manufactory 
of  arms  at  Obemdorf,  in  Wiirtemberg.  These  ovens  have  the  form  of 
an  upright  cylinder  9  feet  in  height,  and  are  closed  at  the  top  by  a 
dome,  in  which  an  aperture  is  left  for  the  convenience  of  charging. 
This  cylinder  is  5J  feet  in  diameter,  and  has  a  fire-brick  lining  15 
inches  in  thickness.  This  is  surrounded  by  the  same  thickness  of 
sand,  which  is  enclosed  between  the  lining  and  another  15-inch  wall,  so 
that  the  entire  thickness  of  the  sand  and  walls  together  is  45  inches. 
Above  the  floor  of  the  oven  are  three  tiers  of  air-holes  made  by  inserting 
pieces  of  musket-barrels  into  the  wall,  which  may  be  closed  by  stoppers 
from  the  outside. 

The  door  for  drawing  the  charcoal  is  placed  on  a  level  with  the  floor, 
and  is  closed  by  an  iron  slab,  against  which  sand  is  thrown  for  the  pur- 
pose of  excluding  the  air.  On  charging  the  oven,  a  channel  is  left 
through  its  axis  for  the  convenience  of  igniting  its  contents,  which  is  done 
by  throwing  lighted  charcoal  down  the  chimney  thus  made.  At  the 
commencement  of  the  operation  both  the  charging  hole  and  lower  vent- 
holes  are  left  open,  but  as  soon  as  the  peat  becomes  white-hot  the  former 
is  shut  by  an  iron  plate  and  covered  with  sand.  The  lower  air-holes 
are  at  the  same  time  closed,  and  those  which  are  placed  next  above  them 
opened.  When  smoke  has  ceased  to  be  given  ofl^,  the  whole  of  the 
apertures  must  be  closed,  and  the  furnace  and  its  contents  are  allowed  to 
cool  together.  The  coking  process  is  completed  in  from  thirty  to  forty- 
eight  hours,  but  the  oven  is  seldom  fit  to  draw  in  less  than  six  days 
after  closing  the  air-holes.  For  this  reason  a  series  of  ten  ovens  is 
employed,  in  order  to  allow  of  one  being  charged  and  another  drawn 
every  day. 

Instead  of  effecting  the  coking  of  one  portion  of  the  peat  at  the 
expense  of  another  part  consumed  in  the  same  furnace  to  obtain  the 
necessary  elevation  of  temperature,  it  is  sometimes  subjected  to  dry 
distillation  in  a  kind  of  retort  specially  adapted  to  that  purpose.  At 
Crouy-sur-Ourcq,  near  Meaux,  an  apparatus  of  this  kind  was  formerly 
employed,  but  we  are  not  aware  whether  it  is  still  in  operation.  Fig.  6 
is  a  sectional  view  of  this  arrangement ;  a  is  the  cylindrical  coking 
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chamber,  the  walls  of  which  are  heated  by  the  flame  and  hot  air  passing 
through  the  intermediate  flue,  b.  This  space  itself  is  divided  by  par- 
titions of  fire-tiles  into  three  stages,  through  the  apertures  of  which  the 
hot  air  from  the  fires,  c,  ascends  and  heats  the  coking  chamber.  In  order 
to  avoid  loss  of  heat,  a  cylindrical  hollow  space,  d,  is  left  in  the  outer 
wall  of  the  kiln,  which,  being  constantly  full  of  stagnant  air,  tends  to 
prevent  the  cooling  of  the  apparatus.  The  peat  is  introduced  through 
the  opening  at  /,  which,  as  soon  as  the  charging  is  finished,  is  closed  by 
an  iron  plate,  and  thickly  covered  with  ashes  or  sand.  The  flue  from  the 
fire-place  opens  above  this  aperture,  and  its  out- 
let is  provided  with  a  movable  iron  cover,  (7,  in 
which  there  is  a  hole  for  the  escape  of  the  pro- 
ducts of  combustion.  The  bottom  of  the  kiln  is 
closed  by  an  iron  plate,  h,  which,  being  attached 
to  the  iron  rod,  t,  may  be  withdrawn  or  replaced 
at  pleasure.  When  the  carbonization  is  com- 
pleted, this  plate  is  withdrawn,  and  the  charcoal 
allowed  to  fall  into  the  chamber  below.  The 
volatile  products  which  are  generated  during  the 
process  are  carried  oflf  by  the  pipe,  c,  and  con- 
ducted into  a  condensing  apparatus. 

The  gases  which  escape  from  this  are  con- 
veyed by  metallic  pipes  into  the  fire-places,  c,  and 
being  there  consumed,  yield  a  portion  of  the  heat  Fig.  6.-Peat-ch«rcoai  Oven; 
necessary  for  carrying  on  the  operation.      The  vertical  B©cUon. 

product  of  charcoal  obtained  from  this  furnace  is  larger  than  that 
produced  by  the  methods  before  described,  but  from  the  impact  it 
receives  in  falling  from  the  retort  to  the  chamber  beneath,  it  frequently 
becomes  much  broken,  and  is  thereby  rendered  to  a  certain  extent  less 
valuable  than  if  obtained  in  larger  masses. 

Mr.  Vignoles,  in  the  year  1849,  patented  a  process  for  charring  peat 
by  steam  superheated  to  the  melting-point  of  lead  or  tin.  "  Peat,  in  the 
state  of  pulp,  is  thrown  in  a  mass  into  a  cylindrical  drum-shaped  vessel, 
divided,  if  necessary,  into  compartments,  which  is  caused  to  revolve  with 
great  rapidity  on  its  axis;  the  requisite  velocity  being  such  as  shall 
drive  off  the  water  or  other  fluid  from  the  solid  parts  of  the  peat  or  turf 
by  centrifugal  force."  The  axis  of  this  cylindrical  vessel  should  be 
vertical,  and  the  cylinder  should  be  from  6  to  10  feet  in  diameter,  and 
from  IJ  to  2i  feet  in  depth.  The  external  surface  is  composed  of  wire- 
gauze  or  perforated  sheet-metal,  of  which  the  apertures  should  be  of 
such  a  size  as  to  retain  the  particles  of  peat,  whilst  the  water  escapes 
freely  through  them.  When  the  peat,  as  obtained  from  the  bog,  is  not 
sufficiently  pulpy,  it  may  be  readijy  reduced  to  the  state  of  a  nearly 
homogeneous  mud  by  the  operation  of  edge-stones  or  a  pug-mill.  When 
a  sufficient  amount  of  water  has  been  expelled  by  this  process,  the  peat, 
in  the  form  of  a  coherent  mass,  is  removed  and  moulded  into  blocks. 
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These  are  introduced  into  large  iron  cylinders,  into  which  superheated 
steam  is  admitted  at  a  pressure  of  from  45  to  60  Ihs.  per  square  inch. 
The  charcoal  thus  produced  is  stated  to  be  equal  to  gas-coke ;  but  this 
process,  although  tried  on  a  large  scale  and  at  great  expense  by  the 
inventor,  never  came  into  practical  use. 

The  quality  of  the  charcoal  obtained  will  necessarily  vary  in  accord- 
ance with  the  nature  of  the  peat  from  which  it  has  been  prepared.  A 
fibrous  peat  affords  a  spongy  charcoal,  while  a  more  compact  variety 
yields  a  product  of  better  quality.  In  all  cases,  however,  the  charcoal 
obtained  from  peat  is  friable,  and  incapable  of  sustaining  handling  or 
moderate  pressure  without  crumbling.  This  djefect  would  be  alone  suffi- 
cient to  render  it  unsuitable  for  general  metallurgical  purposes,  since, 
in  the  first  place,  it  could  not  be  transported  to  any  considerable  distance 
without  great  waste,  and,  in  the  second,  it  would  be  incapable  of  sup- 
porting the  pressure  to  which  fuel  is  subjected  in  the'blast-fiimace. 
Charcoal  prepared  from  peat  which  has  been  much  reduced  in  bulk  by 
compression  is,  to  a  certain  extent,  free  from  this  defect ;  but  the  pre- 
liminary process  generally  increases  the  cost  to  such  an  extent  as  to  pre- 
clude its  profitable  application.  Notwithstanding  that  peat  was,  according 
to  Carlowitz,  charred  in  piles  as  far  back  as  1712,  and  peat-charcoal 
was  made  in  the  Harz,  as  Vogel  informs  us,  in  1735,  none  of  the 
attempts  which  have  hitherto  been  made  to  utilize  this  fuel  have  been 
practically  successful  on  a  large  scale. 


Coke. 

The  combustible  residue  which  remains  after  the  volatile  constituents 
of  bituminous  coal  have  been  eliminated  by  the  action  of  heat  is  called 
coke.  In  preparing  this  material,  as  in  the  manufacture  of  charcoal,  one 
of  the  chief  objects  is  the  production  of  a  fuel  which  shall  be  more 
suitable,  for  certain  purposes,  than  the  coal  from  which  it  is  produced ; 
the  elimination  of  a  large  portion  of  the  sulphur  present  in  the  original 
fuel  is,  at  the  same  time,  accomplished. 

We  are  without  precise  information  with  regard  to  the  date  when 
coke  was  first  employed.  It  is,  however,  reasonable  to  conclude  that 
when,  on  account  of  its  increasing  consumption,  wood  became  scarce  and 
expensive,  attempts  would  be  made  to  extract  from  pit^soal  a  material 
which  might  be  advantageously  employed  as  a  substitute  for  ordinary 
charcoal  The  first  experiment  would  be  to  subject  coal  to  a  process 
similar  to  charcoal-burning,  and  in  this  way  a  fuel  would  be  produced 
of  which  the  practical  value  must  have  been  quickly  appreciated. 

Coke  was  employed  in  Derbyshire  for  drying  malt  about  the  year 
1640.  In  Plot's  "History  of  Staffordshire"  (1686),  it  is  stated  that 
coal  was  charred  in  the  same  manner  as  wood ;  that  coal  so  prepared  was 
called  "  coak/'  and  was  capable  of  producing  a  heat  almost  as  slrong  as 
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that  afforded  by  charcoal.  Swedenborg,  writing  in  the  year  1734,  says 
that  in  certain  districts  in  England  coke  was  employed  in  the  smelting 
of  iron,  but  that  its  use  was  not  brought  to  perfection.  M.  de  Genssane, 
in  his  "  Traits  de  la  Fonte  des  Mines  par  le  Feu  du  Charbon  de  Terre  " 
(Paris,  1770),  describes  and  gives  drawings  of  ovens  erected  at  Sulzbach 
by  the  Prince  of  Nassau  for  the  preparation  of  coke.  This  arrangement 
consists  of  a  series  of  brick  mufRes  or  retorts  set  in  a  row,  in  which  the 
coal  is  distilled  by  the  heat  obtained  from  independent  fire-places.  The 
products  of  distillation  were  also  collected,  and  are  recommended  for 
lubricating  cart-axles  and  for  burning  in  lamps. 

In  a  work  published  in  1774,  M.  Jars  gives  a  drawing  of  nine  kilns 
employed  at  Newcastle  for  destroying  the  sulphur  and  reducing  coal  to 
cinders  and  "  coaks." 

Until  comparatively  recent  times  coke  was  most  frequently  prepared 
by  burning  coal  in  piles  or  heaps,  and  even  at  the  present  day  this 
method  of  coking  is  still  practised  in  certain  districts. 

Good  coke  should  possess  sufficient  solidity  to  enable  it  to  withstand 
the  pressure  of  a  blast-furnace  without  crushing,  and  is  of  little  value 
unless  obtained  in  large  prismatic  pieces,  not  liable  to  crumble  and  form 
dust  From  the  difference  observed  in  the  properties  and  composition  of 
coals,  it  is  evident  that  all  cannot  be  equally  fitted  for  the  manufacture 
of  coke,  and  it  is  therefore  necessary  to  select  such  as  are  best  adapted 
for  the  purpose. 

The  nature  of  the  coke  produced  from  any  particular  variety  of  coal 
is  also  considerably  influenced  by  the  method  of  its  preparation,  as  well 
as,  in  a  certain  degree,  by  the  nature  and  amount  of  the  ash  existing  in 
the  cool  from  which  it  is  manufactured.  Coke  which  has  been  made  in 
large  quantities  is  usually  better  in  quality  than  that  manufactured  on 
a  more  limited  scale ;  as,  from  the  weight  of  the  mass  operated  on,  the 
product  will  be  more  compact  than  when  smaller  quantities  are  used, 
while,  from  the  high  temperature  obtained,  the  volatile  ingredients  will 
be  more  perfectly  driven  off.  When  the  ash  contained  in  the  coal  is 
fusihle,  it  melts  and  forms  a  kind  of  cement  for  the  particles  of  coke, 
which  is  thereby  rendered  more  compact  and  less  liable  to  be  crushed 
by  pressure. 

From  the  circumstance  of  coal  being  continuously  ndsed  in  the  same 
localities,  the  manufacture  of  coke  is  usually  carried  on  by  means  of 
stationary  arrangements,  and,  from  its  being  but  slightly  inflammable 
and  requiring  a  good  draught  to  effect  combustion,  its  production  even  in 
the  open  air  becomes  an  easy  operation. 

Carbonization  in  Heaps. — The  earliest  method  of  manufacturing 
coke,  and  one  still  employed  at  the  present  day,  is  carbonization  in  heaps. 
"When  this  process  is  resorted  to,  no  external  covering  of  the  mound  is 
tued ;  and  the  coking,  which  is  at  first  carried  on  with  free  access  of 
air,  is  finally  checked  by  the  application  of  a  coating  of  breeze  when  coke 
has  alteady  been  produced.     The  coke-heap  is  always  erected  on  the 
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same  station,  iwhicli  soon  becomes  covered  with  ^a  sufficient  amount  of 
breeze  for  the  purpose  for  which  it  is  used. 

Instead  of  making  round  heaps,  like  the  ordinary  pile  for  the  pro- 
duction of  charcoal,  a  long,  rectangular  pile  is  generally  preferred,  as  by 
this  means  a  much  larger  amount  of  coal  can  be  operated  on  at  one  time. 
The  length  of  these  heaps  is  frequently  from  150  to  200  feet ;  and,  in 
order  to  erect  them,  a  line  is  first  stretched  in  the  direction  of  the  axis 
of  the  heap  throughout  the  whole  length  of  the  coke-station.  Large 
pieces  of  coal  are  now  placed  on  either  side  of  this,  so  that  by  coming 
together  at  the  top  they  form  a  triangular  gallery,  running  the  whole 
length  of  the  intended  heap.  In  making  this  central  channel,  it  is  im- 
portant the  fragments  should  be  so  placed  as  to  be  nearly  upright  in  relar 
tion  to  the  layers  of  deposition,  while  the  larger  surfaces  should  be  at 
right  angles  to  the  axis  of  the  heap.  A  second  series  of  blocks  of  coal 
is  then  placed  on  the  first,  and  these  are  again  covered  with  others  simi- 
larly arranged,  but  of  gradually  decreasing  size,  until  the  heap  has 
attained  a  width  of  6  feet  on  either  side  of  the  central  channel. 
The  whole  is  now  covered  with  a  coating  of  smaller  coal  about  2  feet  in 
thickness,  arranged  without  any  regard  to  its  foliation,  although  care  is 
taken  that  the  larger  fragments  be  placed  on  the  sides  of  the  mound,  the 
top  being  covered  with  coal-dust  only.  In  order  to  ignite  the  heap, 
vertical  stakes  are  placed  at  regular  intervals  along  the  central  channel ; 
and  these,  being  subsequently  withdrawn,  leave  a  series  of  chimneys  into 
which  burning  coals  are  introduced.  The  fire  is  thus  communicated  to 
the  mass  in  so  many  points  at  the  same  time,  that  ignition  soon  becomes 
general  and  coking  commences  throughout  its  whole  extent. 

The  person  in  charge  of  the  operation  has  to  prevent  the  action 
from  advancing  too  far,  and  as  soon  as  he  observes  that  thick  smoke  and 
flame  have  ceased  to  be  evolved  from  any  particular  part  of  the  heap, 
and  that  it  begins  to  get  covered  with  a  coating  of  ash,  he  prevents 
further  action  by  covering  the  flame  with  damp  breeze,  which,  being  closely 
packed  down,  prevents  the  entrance  of  air,  and  quickly  deadens  the  fire. 
As  the  coking  advances  this  is  repeated  until  the  whole  heap  is  covered, 
when  it  is  allowed  to  remain  two  or  three  days  to  cool ;  care  being  taken 
to  supply  it  with  a  thicker  covering  on  the  side  which  is  exposed  to  the 
wind  than  on  that  opposite  to  it.  When  the  fire  has  become  nearly 
extinguished  the  coke  is  withdrawn,  and  subsequently  cooled  by  the 
use  of  water.  This  method  of  making  coke,  although  simple,  is  far 
from  economical ;  for  inasmuch  as  the  charring  is  most  active  on  the 
outer  and  upper  parts  of  the  heap,  and  gradually  proceeds  towards  the 
central  and  lower  portions,  it  follows  that  the  surface  is  coked  before 
the  central  parts  are  reached,  which  must,  however,  be  fully  charred 
before  the  air  can  be  excluded.  The  outside  of  the  pile  is  therefore 
burning  to  waste  without  the  possibility  of  prevention,  while  the  lower 
and  central  portions  are  comparatively  little  acted  upon. 

Coking  in  Mounds. — A  more  economical  method  of  making  coke 
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than  that  above  described  is  represented  by  the  annexed  woodcut^  fig.  7. 
A  chimney  of  about  three  feet  in  diameter  at  bottom  is  loosely  built 
with  bricks  on  the  coke- ' 
hearth  or  site  of  the  in- 
tended mound,  na  .  The 
brickwork  of  this  flue  has 
a  number  of  holes,  &, 
made  by  leaving  out  a 
brick  here  and  there,  and 
the  upper  part,  which  is 

J        -       Till.  Fig.  7.— Coke  Mound ;  vertical  section. 

made  of  solid  work  for  a 

short  distance  near  the  top,  is  provided  with  an  iron  cover.  Around  this 
chimney  the  coals  to  be  coked  are  placed  in  a  slightly  inclined  position ; 
the  largest  masses  being  piled  nearest  the  centre  of  the  mound,  and  the 
dimensions  of  the  pieces  gradually  reduced  towards  the  outside.  A 
mound  of  this  kind  is  generally  about  twenty-flve  feet  in  diameter,  and 
five  feet  in  height ;  and  when  completed,  its  surface,  except  round  the 
bottom,  to  the  height  of  about  a  foot,  is  covered  with  a  coating  of  damp 
coke^ust  four  or  five  inches  in  thickness,  which  is  well  packed  for  the 
purpose  of  excluding  the  air.  A  shovelful  of  burning  coal  is  now  intro- 
duced through  the  perpendicular  chimney,  which  soon  communicates 
with  the  mound  through  the  apertures,  &,  and  the  mass  gradually 
becomes  ignited,  beginning  from  the  bottom,  and  from  thence  spreading 
in  the  direction  of  the  covering  of  breeze.  Openings  in  the  foot  of 
the  mound,  where  there  is  no  covering,  admit  of  a  certain  quantity 
of  air  passing  through  and  escaping  by  the  chimney.  At  the  expiration 
of  four  or  five  days  the  fire  will  have  reached  the  covering,  which 
becomes  red-hot.  The  top  of  the  chimney  is  now  closed  by  an  iron 
plate,  and  the  whole  surface  of  the  mound,  including  the  uncovered 
space  around  the  foot  of  the  pile,  is  at  the  same  time  secured  by  damp 
tightly  compressed  coke-dust.  After  being  allowed  to  remain  for  two  or 
three  days  the  coke  will  have  sufficiently  cooled,  and  may  be  drawn  and 
quenched  with  water. 

In  some  localities  no  covering  is  applied  to  these  mounds,  and  when 
the  burning  coals  are  thrown  into  the  central  aperture,  combustion  is 
carried  on  by  the  air,  which  on  all  sides  -enters  freely  through  the  cre- 
vices occurring  between  the  fragments  of  coal  of  which  it  is  composed. 
When  any  part  of  the  mound  becomes  coated  with  ash,  it  is  immediately 
covered  with  damp  breeze  to  protect  it  from  further  action,  and  as  soon 
as  the  whole  surface  is  thus  protected,  the  iron  plate  is  placed  on  the 
top  of  the  chimney  and  the  mound  allowed  to  cool. 

By  this  method  a  less  percentage  of  coke  is  produced  than  is  obtained 
from  that  now  to  be  described,  but  it  has  still  some  advantages  over  the 
ordinary  heap. 

CoKiKO  IN  Reotanoular  Kilnb. — This  method  of  coking  has  for  many 
years  been  practised  in  Upper  Silesia.     The  kiln  consists  of  a  rectangular 
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enclosure  (figs.  8,  9,  and  10),  about  60  feet  in  length  by  15  feet  in  width, 
outside  measure,  which  is  floored  with  fire-bricks  set  on  edge,  beneath 
which  is  a  layer  of  f umace-slag  broken  small,  whereby  proper  drainage 
is  secured.  The  inner  surface  of  the  walls,  which  are  5  feet  in  height, 
and,  laterally,  8  feet  apart  in  the  clear,  is  lined  with  fire-brick,  whilst 
the  outside  is  constructed  either  of  ordinary  brick  or  rubble-work.  In 
each  of  the  lateral  walls,  a,  is  a  series  of  openings,  c,  two  feet  apart,  and 
the  same  distance  from  the  floor-line,  so  placed  that  those  on  the  one 
side  are  respectively  opposite  to  those  in  the  opposite  wall     From  each 
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Fig.  8.— Rectangular  KUn ;  side  eleration. 
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Fig.  9.—  Rectangular  Kiln  ;  plan. 


Fig.  10.— Rectangular  KUn ;  section  on  the  line  A  B  (after  filling). 

of  the  openings,  c,  is  a  vertical  chimney,  d,  ascending  to  the  top  of  the 
wall. '  In  order  to  charge  a  kiln  of  this  description,  one  of  the  openings, 
e,  in  the  end,  is  closed  by  brickwork,  plastered  with  clay,  while  through 
the  opposite  one  the  small  coal  or  slack  is  wheeled  in  and  spread  over 
the  bottom,  where  it  is  watered  and  stamped  into  a  layer  reaching  to  the 
lower  edges  of  the  openings,  c.  Wooden  poles,  six  inches  in  diameter 
at  the  one  end  and  four  at  the  other,  are  now  inserted  in  the  lateral 
openings  on  one  side,  in  such  a  way  that  their  smaller  ends  rest  in  the 
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conesponding  aperinres  in  the  opposite  wall  Wetted  slack  is  afterwards 
thrown  upon  the  pieces  of  wood  and  carefully  stamped  down,  and  the 
kiln  is  then  filled  up  with  damped  slack,  of  which  every  layer,  of  from 
six  to  eight  inches  in  thickness,  is  consolidated  hy  treading.  When  the 
whole  of  the  slack  has  heen  introduced,  it  is  covered  with  a  thin  layer  of 
coke-dnst  or  clay,  and  the  opening  in  the  end  of  the  kiln,  through 
which  the  charge  has  heen  hrought  in,  is  huilt  up  with  loose  bricks  and 
plastered  with  clay.  When  this  has  been  done,  the  pieces  of  wood  are 
carefully  withdrawn  in  the  direction  of  their  larger  ends,  and  in  this  way 
a  series  of  channels  is  formed  which  is  essential  to  the  success  of  the 
operation. 

Before  lighting,  all  the  chimneys  on  one  side  are  stopped  by  placing 
a  brick,  d\  on  the  top  of  each  (fig.  10),  those  on  the  other  side  being  left 
open.  On  this  side  the  draught-holes  are  stopped  by  bricks,  c\  the  holes 
on  the  opposite  side  being  open.  The  kiln  is  lighted  by  means  of  chips 
and  shavings  of  readily  inflammable  wood,  inserted  in  all  the  unclosed 
openings,  c,  and  a  current  of  air  is  established,  which  traverses  the  channel 
in  the  direction  indicated  by  the  arrows.  Six  or  eight  hours  after"  light- 
ing, the  fire  will  have  reached  the  opposite  ends  of  the  channels,  when 
the  chimneys  on  the  left^  d\  and  the  holes  on  the  right,  c',  must  be 
opened ;  at  the  same  time  the  chimneys  on  the  right,  d^  and  the  draught- 
holes  on  the  left,  c,  must  be  closed.  According  to  the  state  of  the  weather 
and  the  quarter  from  which  the  wind  is  blowing,  the  direction  of  the 
currents  through  the  coal  may  be  changed  every  two  or  three  hours,  and 
should  the  coking  be  found  to  proceed  irregularly,  it  may  be  expedient 
not  to  change  the  direction  of  the  currents  in  all  parts  of  the  kiln  at  the 
same  time. 

The  work  of  the  coke-burner  consists  chiefly  in  keeping  open  the 
transverse  channels  through  the  coal,  and  for  that  purpose  he  is  provided 
with  a  slender  iron  rod  which  is  somewhat  bent  at  one  end.  When  a 
channel  has  once  becon^e  stopped,  considerable  difficulty  is  often  experi- 
enced in  re-opening  it ;  and  if  several  of  the  neighbouring  channels  are 
closed  at  the  same  time,  the  progress  of  the  operation  is  locally  arrested 
and  the  results  obtained  are  unsatisfactory.  Any  cracks  which,  during 
the  operation,  may  occur  in  the  covering  on  the  top  of  the  coal  must  be 
carefully  stopped,  and  in  windy  weather  the  draught  through  the  kiln 
must  be  regulated  by  more  or  loss  completely  closing  the  various  chimneys 
and  draught-holes.  On  a  judicious  regulation  of  the  draught  will  very 
much  depend  the  quality  as  well  as  the  yield  of  coke  obtained. 

Under  ordinary  circumstances,  the  process  wiU  be  completed  in  from 
eight  to  ten  days.  This  is  indicated  by  the  escape  of  white  flame  from  the 
chimneys,  and  by  the  resistance  experienced  on  the  insertion  of  an  iron 
rod  through  the  covering  of  the  kiln.  The  openings  are  now  all  care- 
fully closed  and  plastered  with  clay,  and  at  the  expiration  of  from  two  to 
three  days  the  wall,  stopping  one  of  the  ends,  is  taken  down  and  the 
coke  extinguished  and  removed.     By  this  method  of  treatment  some 
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varieties  of  Silesian  coal  are  stated  to  yield  80  per  cent,  of  coke,  Tvhich  is 
more  like  charcoal  in  structure  than  that  made  in  ovens. 

In  1854  Mr.  E.  Rogers  of  Abercam  communicated  a  paper  to  the 
Institution  of  Mechanical  Engineers  in  Birmingham  on  the  manufacture 
of  charcoal  and  coko  by  this  process,  which,  as  far  as  it  relates  to  the 
production  of  coke,  he  believed  to  be  new.  Kilns,  in  some  cases  of  not 
less  than  15  feet  in  width  from  wall  to  wall,  inside  measure,  were  erected 
at  various  establishments  in  South  Wales,  and  the  flues,  across  the  in- 
terior of  the  kilns,  were  carefully  constructed  of  large  blocks  of  coal, 
corresponding  to  the  air-holes  in  the  opposite  sides.  Mr.  Rogers  was  of 
opinion  that  kilns  14  feet  in  width,  90  feet  in  length,  and  7  feet  6  inches 
in  height,  would  be  found  more  economical  than  smaller  ones.  A  kiln 
of  these  dimensions  contains  about  150  tons  of  coal.  In  South  Wales 
the  saving  in  working  expenses  was  stated  to  amount  to  50  per  cent, 
and  the  yield  of  coke  to  be  75  per  cent,  of  the  coal  employed.  The  coke 
was  also  stated  to  possess  a  greater  density  and  to  be  of  more  uniform 
quality  than  that  usually  produced  in  the  district  Opinions  on  this 
subject  did  not,  however,  agree ;  and  in  some  establishments  at  which 
kilns  of  this  description  were  erected,  they  were,  after  continuous  trials, 
abandoned. 

Coking  in  Ovens. — The  foregoing  methods  of  coke-making  are  now 
generally  superseded  by  oven-coking,  particularly  in  localities  where,  the 
price  of  coal  being  comparatively  high,  it  becomes  of  importance  that  as 
small  a  proportion  as  possible  should  be  lost  during  the  operation.  The 
ovens  used  for  the  production  of  coke  are  for  the  most  part  heated  by 
the  combustion  of  a  portion  of  the  fuel  with  which  they  are  charged ; 
and  not  at  the  expense  of  a  distinct  quantity,  specially  consumed  in  a 
separate  fireplace,  for  the  purpose  of  raising  the  temperature  to  the 
requisite  degree. 

When,  on  the  contrary,  coal  is  coked  in  order  to  obtain  the  gaseous 
products  of  distillation,  and  the  coke  is  regarded  as  a  secondary  pro- 
duct of  the  manufacture,  the  operation  is  carried  on  in  close  vessels 
heated  by  distinct  fires.  But,  in  this  case,  the  coke  produced  is  usually 
spongy  and  unfit  for  many  metallurgical  purposes. 

The  ovens  employed  for  the  manufacture  of  coke  vary  so  much  in 
form  and  dimensions  that  it  would  be  impossible  to  give  even  a  brief 
description  of  all  those  in  general  use ;  but  the  principles  involved  being 
the  same  in  nearly  all  cases,  it  will  be  sufficient  to  explain  the  construc- 
tion and  management  of  some  of  those  most  frequently  employed. 
Fig.  11  represents  a  range  of  coke-ovens  of  the  round  or  "beehive"  form. 
The  cavity  of  this  oven  is  about  9  feet  in  diameter  and  3  feet  6  inches 
in  height,  internally  lined  with  fire-bricks  well  jointed  in  refractory  clay. 
The  form  somewhat  resembles  that  of  a  compressed  beehive,  and  at  the 
top  of  the  dome  is  a  circular  aperture  or  chimney  which  may  be  closed 
by  an  iron  plate.  A  slightly  arched  doorway  of  about  2^  feet  square 
is  also  left  at  b  for  the  purpose  of  charging  the  oven  and  withdrawing  the 
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coke.  This  opening  is  strengthened  by  a  heavy  cast-iron  framing,  c, 
built  into  the  brickwork  and  secured  in  its  place  by  iron  binders.  Where 
large  quantities  of  coke  are  manufactured,  the  ovens  are  placed  back  to 
back  in  double  rows,  with  a  series  of  doors  on  either  side  of  the  long 
mass  of  masonry.  The  charge  of  each  is  about  three  tons  of  coal,  which 
is  introduced  either  through  the  door,  6,  or  through  a  charging-hole  in 
the  top;  and  as  this  is  done  immediately  after  the  withdrawal  of  the 
former  charge,  and  while  the  oven  is  still  hot,  the  coal  soon  begins  to 
^ve  off  inflammable  gases,  which  escape  through  an  aperture  in  the  dome. 
When  the  charging  is  finished,  the  doorway,  b,  is  closed  by  fire-bricks 
loosely  piled  up,  but  the  air  has  still  free  access  into  the  oven,  through 
openings  left  in  the  stopping,  which,  supplying  the  necessary  oxygen  to 
the  gases  evolved,  they  ignite,  and  the  temperature  of  the  oven  and  its 
contents  is  rapidly  raised.     At  the  expiration  of  about  three  hours,  the 


Fig.  11.— Coke-OveiiB. 


lower  holes  in  the  loose  brick  wall  of  the  doorway  are  closed,  to  prevent 
the  access  of  too  much  air,  which  still  finds  its  way  through  those  above 
and  escapes  by  the  chimney.  In  some  instances,  instead  of  closing  the 
doorway  with  loose  bricks,  an  iron  door,  lined  with  tiles  and  provided 
with  draught-holes,  is  employed.  These  are  successively  stopped  by  lumps 
of  clay,  and  when  it  is  required  to  exclude  the  air  entirely,  it  may  be 
done  by  applying  a  sheet  of  iron  against  the  bricks  and  luting  the  edges 
with  clay. 

In  twenty-four  hours  after  charging,  the  upper  holes  are  also  closed 
with  clay,  and  the  oven  is  allowed  to  remain  twelve  hours  with  the 
chimney  open,  during  which  time  the  remainder  of  the  gaseous  matter 
is  expelled  by  the  heat  and  passes  off  in  flame  through  the  opening  in 
the  dome.  When  the  flame  emitted  from  this  opening  ceases,  which 
iisually  occurs  at  the  expiration  of  another  twelve  hours,  it  is  covered 
with  an  iron  plate  made  tight  by  a  layer  of  sand,  and  the  whole  allowed 
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to  stand  for  twelve  hours,  for  the  purpose  of  moderating  the  heat  of  the 
oven  and  its  contents. 

At  the  expiration  of  forty-eight  hours  from  the  time  of  charging,  the 
oven  will  have  sufficiently  cooled  to  admit  of  drawing,  and  the  door 
may  be  opened  without  causing  much  loss  by  the  burning  of  the  coke.  A 
largo  iron  shovel,  d^  suspended  by  a  piece  of  chain  to  the  crane,  e,  is 
now  thrust  between  the  coke  and  the  bottom  of  the  oven,  and  as  the 
weight  on  the  blade  will  be  supported  by  the  crane,  which  turns  on  its 
axis,  a  large  mass  can  be  taken  out  with  comparatively  little  exertion  on 
the  part  of  the  workman.  The  swinging  of  the  small  iron  crane  enables 
the  burner  to  place  the  heated  coke  on  any  part  of  the  paved  floor  within 
the  circle  described  by  its  extreme  end  from  its  point  of  suspension,  and 
as  soon,  therefore,  as  it  is  withdrawn  it  is  strewed  thinly  on  the  ground 
and  rapidly  cooled  with  water.  When  it  has  been  thus  extinguished, 
and  has  become  nearly  cold,  it  is  taken  up  on  a  grated  shovel,  g,  and 
transported  in  wheelbarrows  either  to  the  place  where  it  is  stacked  or  to 
the  furnace  in  which  it  is  consumed.  The  grated  shovel  is  used  to 
separate  the  breeze  from  the  large  coke,  as  the  former  falls  through  the 
intervals  between  the  bars,  so  that  the  latter  only  can  be  taken  up  and 
placed  in  the  barrows.  Iron  is  used  for  the  barrows,  both  on  account  of 
its  being  incombustible  and  also  because  wooden  ones  would  sooner  be- 
come destroyed  by  constant  friction  against  the  hard  and  rough  edges  of 
the  coke.     Fig.  12  represents  a  ground-plan  of  an  oven  of  this  kind. 

Various  contrivances  have  at  different  times  been 
employed  to  facilitate  the  cooling  of  the  ovens  after 
the  last  stage  of  coking,  but  few  of  these  have  come 
into  general  use,  as  the  increased  expense  incurred  is 
in  most  instances  more  than  equivalent  to  the  advan- 
tages to  be  derived  from  their  use.  One  of  the  methods 
of  hastening  this  cooling  of  the  coke  is  the  construc- 
Fig.  12.  tion  of  ovens  with  air-flues,  not  only  under  the  refrac- 

tory lining  of  the  bottom,  but  also  round  the  sides.  During  the  first 
stages  of  the  process,  all  connection  between  these  and  the  external  air  ia 
cut  off  by  dampers,  but  as  soon  as  it  is  required  to  cool  down  the  oven 
for  the  purpose  of  drawing,  the  air  is  admitted  by  side  openings,  and 
escapes  through  a  set  of  holes  left  in  the  upper  part  of  the  brickwork. 
This  causes  a  draught,  and  the  constant  influx  of  fresh  cold  air,  which, 
by  reducing  the  temperature  of  the  walls,  shortens  the  usual  period 
allowed  for  cooling.  Where  many  ovens  are  employed,  and  in  localities 
where  it  is  desirable  that  the  smoke  produced  shall  be  carried  as  rapidly 
as  possible  from  the  neighbourhood,  a  flue  is  constructed  along  the  whole 
range,  and  by  this  the  smoke  and  fumes  issuing  from  the  openings  in  the 
crown  of  the  ovens  are  carried  off  to  a  suitable  chimney.  In  this  case 
the  flue-holes  are  usually  shut  by  sliding  dampers  worked  either  by  a 
lever  or  by  a  pulley  and  counterpoise. 

Some  manufacturers  are  in  the  habit  of  cooling  the  coke  in  their 
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ovens  before  it  is  drawn,  which  is  done  by  watering  it,  as  soon  as  the 
operation  is  completed,  by  a  jet,  under  considerable  pressure,  supplied 
by  a  hose.  This  is  said  not  only  to  effect  a  saving  by  preventing  loss 
by  combustion  during  the  time  the  charge  is  being  withdrawn,  but  also, 
by  the  decomposition  of  water,  to  carry  off  sulphur  in  the  form  of 
sulphuretted  hydrogen.  Care  is  of  course  taken  that  the  oven  be  not 
so  far  cooled  as  to  be  unable  to  inflame  the  succeeding  charge ;  and,  as 
the  whole  of  the  water  is  converted  into  vapour  before  reaching  the 
walls,  they  are  not,  it  is  stated,  injured.  Coke  thus  cooled  in  the 
oven  is  said  to  be  brighter  and  more  sonorous  than  that  manufactured  in 
the  ordinary  way. 

The  old  beehive  coke-oven,  consisting  essentially  of  a  cylindrical  cham- 
ber reaching  the  ground  level,  covered  by  a  dome-shaped  roof,  although 
frequently  made  use  of,  is  not  so  extensively  employed  as  formerly. 
A  still  less  expensive  form  of  oven  was  formerly  much  used  among  the 
collieries  of  the  North  of  England.  This  arrangement  has  the  advantage 
of  retaining  the  heat,  and  of  requiring  but  little  brickwork  for  its  con- 
struction. Each  oven  is  a  rectangular  chamber  ten  feet  deep,  twelve 
feet  wide,  and  ten  feet  high.  The  top  is  arched,  and  the  whole  thick- 
ness of  the  side  walls,  including  the  internal  lining,  is  two  feet.  In 
the  centre  of  the  arch  an  aperture  two  and  a  half  feet  in  diameter, 
lined  with  a  cast-iron  ring,  is  left,  whilst  another  is  made  on  the  level 
of  the  floor.  This  opening  is  sometimes  provided  with  an  iron  casing 
with  a  groove,  in  which  slides  the  door.  The  door,  which  consists  of 
an  iron  framing  filled  with  brickwork,  is  suspended  by  a  chain,  and  is 
raised  or  lowered  by  a  lever.  In  the  brickwork  of  the  door  several 
openings  are  left,  which  are,  however,  sometimes  dispensed  with,  and  in 
that  case  the  bricks  are  loosely  placed  in  the  frame,  and  admit  sufficient 
air  through  the  crevices  between  them  for  the  combustion  of  the  gases 
from  the  coaL 

The  charge,  which  reaches  the  base  of  the  arch,  requires  to  remain 
from  forty-eight  to  seventy-two  hours  in  the  oven  before  it  is  in  a  fit 
state  to  be  drawn,  which  is  done  by  an  iron  hook  used  specially  for  that 
purpose.  In  all  other  respects  these  ovens  are  managed  like  those  last 
described ;  fresh  coal  being  thrown  in  as  soon  as  the  coke  is  withdrawn, 
and  a  certain  amount  of  air  admitted  during  the  earlier  period  of  the 
operation. 

Coke  produced  in  ovens  is  usually  denser  than  that  obtained  in 
heaps  or  mounds ;  but,  on  the  other  hand,  it  is  said  to  contain  a  larger 
amount  of  sulphur  than  does  coke  prepared  in  the  open  air.  On  cooling, 
good  coke  splits  into  prismatic  masses,  in  some  degree  resembling  basaltic 
columna  Its  colour  is  steel-grey,  almost  approaching  in  some  instances 
to  silvery  whiteness ;  but  the  surfaces  of  many  varieties  are  covered  with 
an  iridescence  said  to  be  dependent  on  the  presence  of  sulphur. 

LcpROYED  CoKE-OvEKS. — Numerous  patents  have  at  various  times 
been  taken  out  which  have  had  for  their  object  the  [utilization  of  the 
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heat  aflforded  by  the  igniteil  gases  which  are  generally  allowed  to  pass 
directly  into  the  chimney  or  into  the  open  air. 

Breckon  and  DiocorCs  Ovens. — The  invention  of  Messrs.  Breckon  and 
Dixon  consists  in  constructing  coke-ovens  with  flues  for  the  purpose 
of  conveying  the  gases,  when  in  a  state  of  combustion,  beneath  the  floor 
of  the  ovens.i  These  flues  communicate  with  the  interior,  and  the  gases 
are  taken  through  them  before  passing  into  the  chimney.  The  following 
description  will,  with  the  aid  of  the  woodcuts,  enable  this  arrangement 
to  be  readily  understood.^  Fig.  13  represents,  in  elevation,  a  row  of  bee- 
hive coke-ovens  provided  with  a  chimney,  k,  through  which  the  gaseous 
products  make  their  escape. 

Fig.  14  is  a  plan  of  four  coke-ovens,  shown  partly  in  section.  Fig. 
15  is  a  sectional  elevation  of  two  ovens,  showing  flues  leading  to  the 
chimney.     Fig.    16   is  a  front  elevation,  partially  in  section.     These 


Fig.  18.— Breckon  and  Dixon's  Coke-Ovens ;  front  elevation. 

ovens  are  shown  with  regulating  valves  and  iron  distributors,  for  which 
a  patent  was  granted  March  29th,  1858,  but  they  are  by  no  means 
essential  to  the  efficient  working  of  the  apparatus,  a  is  the  door  of  the 
coke-oven ;  h,  the  opening  at  the  top ;  c,  the  flues  which  convey  atmos- 
pheric air,  admitted  by  the  regulating  valves,  d,  to  the  distributors  e;  / 
(fig.  16)  is  the  hydrant. 

The  improvement  claimed  consists  in  the  application  of  flues,  g^ 
constructed  under  the  floor,  h,  of  the  ovens.  These  floors  are  made 
of  fire-tiles,  or  other  suitable  material,  resting  on  the  division  walls 
of  the  flues,  g,  which  are  connected  with  the  interior  of  the  oven  by  the 
upright  flues,  i,  and  the  circular  openings,  y,  and  with  the  chimney,  Jc, 
through  the  flues,  Zand  m.     Each  orifice, y,  is  in  communication  with 

1  Specification  filed  June  9,  1860. 

-  Drawings  from  *  Transactions  of  North  of  England  Institute  of  Mining  Engineers,* 
1860-61. 
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one  of  the  outer  flues,  g^  and  passes  from  one  to  another  as  indicated 
hy  the  arrows.     When  these  gases  arrive  at  the  two  central  flues,  they 


Fig.  14.— Breckon  aud  Dixon's  Cuke-Oveus ;  plan  of  four,  partly  in  section. 


Fig.  15. — Breckun  and  Dixon's  Coke-Ovens  ;  sectional  elevation. 

ascend  the  passages,  Z,  and  enter  the  horizontal  flue,  m,  through  which 
they  escape  to  the  chimney.     A  damper,  n,  placed  in  each  of  the  flues, 
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Z,  admits  of  one  or  more  of  the  ovens  being  shut  off  during  repairs,  or 
otherwise,  without  interfering  with  the  action  of  the  others.  The  coal, 
with  which  the  oven  is  charged,  may  either  be  dropped  through  the 
opening,  b,  or  thrown  in  through  the  door,  a. 

When  the  charge  becomes  ignited,  the  gaseous  products  of  combus- 
tion, escaping  through  the  openings,  j,  descend  the  flues,  %  into  those 
under  the  floor,  g,  where  they  circulate,  and  finally  pass  off  to  the 
chimney  through  the  flues,  I  and  m.  In  this  way. the  floor  of  the  oven 
is  heated  by  the  ignited  gases,  which,  according  to  the  patentees,  enables 
a  given  quantity  of  coal  to  be  converted  into  good  coke  in  less  time 
than  is  required  in  an  ordinary  oven.  They  also  state  that  the  coke  pro- 
duced is  denser  and  of  better  quality,  and  that  the  yield  is  increased 
to  the  extent  of  from  10  to  15  per  cent  A  very  similar  patent  was 
taken  out  by  Joseph  Dunning  in  May  1853. 

It  was  found  at  one  of  the  collieries  in  the  neighbourhood  of  Dar- 
lington, after  a  tiial  extending  over  several  years,  that  coal  yielding  58 


I     I     I     I   '  I      I     I     I     I     I     1     I      i     I     I     I     I    I    1    I     I     1     I 


Fig.  10.— Breckon  and  Dixon's  Coke-Ovens ;  front  elevation,  partly  in  secnon. 

per  cent,  of  coke  in  ordinary  ovens  afforded  69  per  cent,  in  those  con- 
structed with  flues  beneath  the  floor,  and  that  a  charge  of  six  tons, 
which  requires  seventy-two  hours  for  conversion  into  good  coke  in  the 
former,  is  in  the  latter  well  coked  in  forty-eight  hours. 

Anchor  Oven, — This  rectangular  arched  oven  admits  of  the  entire 
charge  of  coke  being  drawn  at  once  previous  to  cooling,  thus  saving  a 
considerable  part  of  the  labour  required  for  discharging  the  ordinary 
coke-oven,  and  also  any  wear  and  tear  to  the  lining  resulting  from  cool- 
ing the  ovens  by  the  introduction  of  water. 

In  these  ovens  (fig.  17)  the  mouth  is  of  the  entire  width  of  the 
chamber.  A,  and  the  ancJiory  d,  e,  /,  of  wrought-iron,  is  placed  in  the 
oven  before  it  is  charged  with  coal,  and  is  thus,  at  the  end  of  the  opera- 
tion, embedded  in  coke.  When  the  oven  is  to  be  drawn,  a  chain  is 
attached  to  the  anchor  from  a  winch  fixed  in  some  convenient  position, 
which,  when  set  in  motion,  draws  out  the  whole  charge  in  one  mass 
upon  a  paved  flooring,  where  it  is  cooled  by  the  application  of  water. 
In  some  cases,  instead  of  employing  water,  a  sheet-iron  cover  is  put  over 
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the  coke,  which,  aiound  the  lower  edge,  is  kept  almost  air-tight  by  the 
application  of  damp  breeze.  In  this  way  the  atmosphere  is  so  nearly 
excluded  that  the  coke  may  be  allowed  to  cool  gradually,  without  ex- 
periencing any  material  loss  of  weight  through  waste  by  burning.  The 
great  size  of  the  mouth  of  the  oven,  required  when  this  method  of 
dnwing  coke  is  resorted  to,  has  been  urged  as  an  objection  to  the 
nse  of  the  process,  but  this,  in  practice,  is  found  to  be  productive  of  but 
little  inconvenience.  The  wear  and  tear  of  the  anchor  itself  is  also  an 
apparent  objection,  but  experience  shows  that  the  waste  of  iron  is  in 
reality  not  great. 

The  time  required  for  coking  in  ordinary  ovens  is  usually  from  forty- 


Fig.  17.  —Anchor  Orens ;  ground  plan. 

eight  to  seventy-two  hours,  but  when  an  exceedingly  hard  coke  is  required, 
the  operation  is  sometimes  continued  during  ninety  hours.  The  total 
cost  of  manufacture,  exclusive  of  taxes,  agency,  and  redemption  of 
capital,  varies  from  about  Is.  4d.  to  Is,  6d,  per  ton. 

CoLUECTiON  OF  Tar,  &o.,  FROM  CoKE-OvEKs. — In  this  country  large 
quantities  of  tar  and  amraoniacal  liquors  are  annually  furnished  by  the 
distillation  of  coal,  from  which  gas  for  illumination  is  obtained,  but  the 
demand  for  such  products  has  of  late  years  become  so  large  that  it  is 
now  a  matter  of  importance  that  as  small  a  portion  as  possible  of  these 
substances  produced  in  coke-ovens  should  escape  condensation. 

Pauwds  and  Dubochet's  Oven, — In  1850  a  patent  was  granted  to 
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Messrs.  Pauwels  and  Dubochet  for  the  manufacture  of  coke  and  gas.^ 
This  invention  is  described  as  having  for  its  object,  firsts  the  extraction 
from  pit-coal  of  a  gas  fit  for  illumination,  and  the  production  at  the  same 
time  of  a  coke  possessing  all  the  properties  requisite  for  smelting  ores 
and  generating  steam  in  locomotives.  Second,  the  regulation,  according 
to  circumstances,  of  the  pressure  of  gas  in  the  passages,  so  as  to  render 
the  loss  of  gas  as  small  as  possible.  These  various  results  are  obtained 
by  means  of  distinct  apparatus ;  first,  an  oven  or  retort,  with  its  extractor, 
and  second,  a  moderator.  The  oven  or  retort  is  constructed  of  bricks, 
cast-  and  wrought-iron ;  it  is  furnished  with  fire-places  for  producing  the 
necessary  heat  by  the  combustion  of  coal,  coke,  or  other  fuel,  and  has 
various  flues  for  the  circulation  of  heat,  with  a  peculiarly  constructed 
heat-magazine ;  and,  lastly,  is  furnished  with  divers  apparatus,  some  used 
as  channels  for  the  gaseous  products,  and  others  serving,  either  per- 
manently or  at  intervals,  to  isolate  the  distilling  apparatus,  properly  so 
called. 

The  object  of  the  extractor  is  to  protect  the  apparatus  from  pressure ; 
it  is  divided  into  three  distinct  parts.  The  first  is  composed  of  three  vats 
full  of  water,  in  which  as  many  bells  or  movable  chambers  are  caused  to 
work  up  and  down  by  any  convenient  motive  power  made  to  act  upon 
suitable  shafts  and  cranks.  The  second  part  of  the  apparatus  consists  of 
two  large  cylinders,  provided  with  plungers,  united  together  and  acting 
as  valves,  which  constitute,  with  the  first  part  of  the  mechanism,  an 
aspirating  and  forcing  apparatus,  the  action  of  which  is  regulated  by 
the  third  portion  of  the  apparatus,  which  consists  of  a  large  vat  in  which 
works  a  bell  or  movable  chamber,  something  like  a  gas-holder.  The 
office  of  this  is  to  regulate  and  maintain  the  equilibrium  of  pressure. 

In  order  to  set  an  oven  in  operation,  it  must  first  be  raised  to  a  high 
temperature  by  the  application  of  heat,  both  to  the  interior  and  exterior. 
This  being  done,  the  fires  are  to  be  kept  up,  and  as  soon  as  the  coal  has 
been  introduced  into  the  oven  the  doors  must  be  closed,  leaving  open, 
however,  for  a  few  minutes,  the  orifice  of  the  extraction  chimney,  to  allow 
aqueous  vapours  to  escape ;  after  which  the  orifice  is  closed  by  means  of 
the  cover,  and  a  hydraulic  valve  is  opened  at  the  same  time  to  allow  the 
gas  to  pass  through  the  pipes,  which,  as  well  as  the  interior  of  the  oven, 
are  protected  from  pressure  by  the  communication  then  established 
between  them  and  the  extractor.  The  gas  is  thus  aspirated  or  drawn 
by  the  extractor  and  forced  into  the  various  apparatus  of  which  gas- 
works are  composed.  The  moderator  must  be  so  regulated  that  its 
action  shall  prevent  any  variation  of  pressure  on  the  apparatus  and  its 
appendages.     Coke-ovens   on  this  principle   have   been   employed  at 

^  The  lyttem  of  Pan  well  and  Dubochet,  as  well  as  that  i)atented  by  Pemolet^  are 
described  very  nearly  in  the  words  of  their  respective  specifications.  The  author  must, 
therefore  not  be  held  responsible  for  the  statements  made  ;  they  possess,  howeYor,  oon- 
sideiable  interest  as  showing  the  direction  given  to  the  earlier  attempts  to  render  avail- 
able the  various  condensable  products  evolved  in  ooke*making. 
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establishments  in  the  neighbourhood  of  St  Etienne,  and  at  some  other 
places  in  Fiance.  The  resnlts  obtained  are  said  to  have  been  satisfactory, 
bat  the  coke  produced  in  such  appliances  is  darker  in  colour  and  less 
dense  than  that  manufactured  in  ordinary  ovens  at  a  higher  tempera- 
tnreL 

PemciUfs  Coke-Oven.^A  patent  was  granted  in  1862  to  Richard 
Archibald  Brooman  (being  a  communication  from  Charles  Claude  Philibert 
Nicolas  Pemolet)  for  "  Improvements  in  Coking  Ovens,  in  collecting  and 
utilizing  the  Products  from  the  Distillation  or  Carbonization  of  Coal  and 
other  matters  producing  Coke,  and  in  apparatus  employed  therein." 
The  invention  is  described  as  consisting  in  the  construction,  arrangement, 
and  working  of  coke-ovens  in  such  a  manner  that  the  following  products 
are  obtained  during  the  manufacture  of  coke  : — First,  coke  suitable  for 
inetallurgica],  railway,  and  other  purposes,  in  greater  proportion  than 
when  manufactured  in  the  ordinary  manner ;  second,  gas  suitable  for 
baming  and  heating  ;  third,  tar  and  different  oils  obtainable  therefrom ; 
and.  fourth,  ammonia  and  ammoniacal  salts. 

The  apparatus  employed  is  said  to  be  applicable  not  only  to  ordinary 
coal,  but  also  to  anthracite,  coke-dust,  peat,  wood,  and  other  combustible 
materials,  of  vegetable  or  mineral  origin,  whether  treated  separately  or 
mixed  with  rich  coals,  resins,  or  tars.  *'  Nine  chief  features  are  com- 
prised in  this  invention."  They  consist — First,  in  particular  arrangements 
of  coking  ovens  capable  of  manufacturing  coke  from  all  kinds  of  coal. 
Second,  in  the  application  to  these  ovens  of  a  continuous  exhaust  or 
dnugbt  for  drawing  off  and  collecting  all  volatile  products  resulting  from 
the  distillation  of  combustible  matters.  Third,  in  a  method  of  condensing 
such  of  those  products  as  are  capable  of  being  liquefied,  and  in  the  pre- 
servation of  each  of  such  products  so  as  to  utilize  them.  Fourth,  in  the 
application  of  the  gas  produced  in  the  oven?,  whether  to  heating  the 
foinaces  of  the  coking  ovens  themselves  or  other  furnaces,  or  to  the 
redaction  of  oxidized  ores,  or  to  any  other  purposes  for  which  carburetted 
hydrogen  can  be  employed,  especially  for  lighting  purposes.  Fifth,  in 
polverizing  certain  coals  which  would  otherwise  produce  coke  of  a  bad 
appearance  and  ill  adapted  for  metallurgical  and  railway  purposes,  whereas, 
after  pulverization  of  the  coal,  coke  suitable  for  locomotives  and  other 
uses  may  be  produced,  and  that  without  washing  being  necessary. 
Sixth,  in  mixing  rich  coal-tar  or  resin  with  poor  coal,  anthracite,  coke- 
dost,  peat,  and  other  combustible  materials  which  do  not  by  themselves 
produce  good  coke.  Seventh,  in  the  employment  of  steam  thrown  on  the 
coke  when  at  its  highest  temperature  for  desulphurizing  it.  Eighth,  in 
the  employment  of  apparatus  for  loading  the  ovens  with  coal  and  for 
removing  the  coke,  whereby  these  operations  are  effected  more  speedily 
Mid  economicaUy  than  in  the  ordinary  manner.  Ninth,  in  producing  in 
the  same  ovens  as  those  used  for  the  manufacture  of  coke,  common  tar, 
such  as  that  obtained  from  gas-works,  or  other  tars  richer  in  oils ;  and 
ui  utilizing  them  in  various  ways. 
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Ovens  constructed  according  to  this  invention  are  equally  suited  for 
raw  or  for  washed  coal.  The  distillation  is  carried  on  upon  a  large  scale, 
say  from  six  to  seven  tons  in  an  oven,  and  all  the  products  accessory 
to  the  distillation,  such  as  tars,  ammoniacal  waters,  and  gases  for  huming 
and  heating,  as  well  as  the  coke,  being  collected  separately,  may  be 
utilized.  If  these  ovens  are  erected  near  towns,  the  gas  can  be  used  for 
lighting,  or  it  may  be  employed  in  iron-works,  where  a  quick  and  regular 
fire  is  required.  If  the  gas  be  not  required  for  lighting  or  heating,  it  is 
burned  in  the  coking-oven  furnaces,  in  which  case  no  other  fuel  will 
ordinarily  be  required.  When  the  ovens  are  used  for  the  manufacture 
of  coke  only,  a  gas-holder,  which  in  other  cases  is  required  to  contain 
the  gas,  is  dispensed  with,  as  well  as  the  exhauster;  and  the  exhaust 
will  depend  on  the  draught  of  the  chimney,  being  increased  by  the 
vacuum  produced  by  the  partial  condensation  of  the  volatilized  products. 

The  coke-oven  shown,  figs.  18, 19,  and  20,  is  about  thirty-two  feet  in 
length.  Fig.  18  is  a  longitudinal  section,  and  fig.  19  a  horizontal  section  of 
two  ovens  at  different  heights.  Fig.  20  is  a  transverse  vertical  section 
through  two  ovens ;  of  one  through  the  fire-place  and  of  the  other  across 


Fig.  20. — Pemolot'8  Coke-Oren  ;  transverse  section. 

the  flues  at  the  far  end.  C,  fig.  18,  is  a  truck  running  on  the  rails,  B,  and 
constructed  in  such  a  manner  that  its  load  of  coal  may  be  discharged 
at  will  into  either  of  the  openings,  D,  in  the  arch  of  the  oven.  An 
ordinary  oven  requires  six  truck-loads  to  fill  it ;  c,  are  hoppers  placed 
over  the  apertures,  D,  to  guide  the  load  into  the  interior  of  the  oven, 
A.  The  coal  being  thus  introduced  on  to  the  bed,  a,  of  the  oven,  is 
spread  evenly  thereon  by  tools  introduced  at  the  ends.  The  two 
doors,  d,  are  then  lowered  by  means  of  the  windlasses,  G,  running  on 
the  rails,  g  ;  the  hooks,  W,  which  connect  the  doors,  d^  with  the  wind- 
lasses, are  disconnected,  all  the  openings  closed,  and  the  joints  stopped 
with  clay,  so  that  no  air  may  enter  the  oven. 

During  the  time  occupied  by  the  removal  of  the  coke  and  charging  the 
oven  with  coal,  the  fire  on  /  has  not  been  extinguished,  and  as  soon  as 
the  mass  of  coal  introduced  into  the  oven  is  sufficiently  heated,  distil- 
lation begins.  Gases,  steam,  and  tar  are  disengaged  and  issue  by  the 
orifice  E ;   they  then  traverse   the   pipe  F,  and  enter  the  condenser. 
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where  the  gaseous  products  traverse  compartments  formed  of  thin 
metallic  plates  close  to  one  another,  by  coming  in  contact  \i'ith  i^hich 
they  are  gradually  cooled.  The  cooling  is  accelerated  by  a  continuous 
flow  of  water  falling  from  a  reservoir  into  chambers,  whence  the  water 
spreads  on  each  side  so  as  to  run  down  externally  from  top  to  bottom 
over  the  sides  of  the  condenser.  A  wooden  casing  surrounds  the  con- 
denser, and  protects  it  from  the  action  of  the  sun,  and  at  the  same  time 
affords  a  passage  for  a  current  of  air,  which  serves  to  cool  the  water. 
Following  the  condenser,  where  the  tar  and  greater  portion  of  the  ammo- 
niacal  waters  are  deposited,  the  gases  and  the  ammoniacal  vapours  enter 
into  the  first  washer,  which  they  traverse,f  rom  the  bottom  upwards,  through 
fine  showers  of  ammoniacal  water  supplied  continually  by  a  pump  from 
a  suitable  reservoir.  The  ammoniacal  waters  may  be  thus  enriched  to 
any  desired  degree  for  subsequent  treatment.  The  current  of  gas  thus 
purified  passes  to  a  second  washer,  similar  to  the  first,  but  supplied  with 
water  only,  to  complete  the  absorption  of  ammonia.  After  the  tar,  oils, 
and  ammoniacal  waters  have  been  removed  from  the  gas,  the  latter  is  carried 
onwards  through  pipes,  M^  to  the  burners  by  which  it  is  consumed. 
The  combustible  gases  which  i^ach  the  fire-place  of  the  coke-oven,/, 
become  mixed  with  air,  which  enters  through  small  holes  formed  around 
and  in  the  middle  of  the  nozzle,  u.  The  mixture  of  gas  with  air  pro- 
daces  a  flame  which,  circulating  through  the  flues,  a,  conveys  heat  to  the 
ovens.  Thence  the  products  of  combustion  pass  to  the  flue,  T,  and  after- 
wards to  the  chimney,  O.  The  ovens  are  divided  into  sets  of  ten,  each 
group  having  a  separate  chimney ;  f,  are  sight-holes,  fitted  to  the  flues, 
0,  for  examining  whether  the  heat  is  equally  spread  between  the  different 
ovens  of  a  group  and  in  the  various  flues  of  the  same  oven.  By  means 
of  a  tap,  2,  the  quantity  of  gas  admitted  to  the  fire-place  of  each  oven  is 
regulated.  The  quantity  of  air  admitted  around  and  through  the  nozzle, 
«,  is  regulated  by  valves  or  otherwise,  and  the  distribution  of  flame  is 
regulated  in  the  flues,  a,  by  means  of  fire-brick  dampers,  k.  After  a 
certain  time,  which  varies  from  two  to  three  days,  according  to  the 
nature  of  the  coal  used,  the  whole  of  the  charge  is  transformed  into  coke, 
and  is  ready  for  discharging. 

For  this  purpose,  a  steam  discharger  is  conveyed  to  the  front  of  the 
oven  on  the  rails,  h  ;  communication  between  the  inside  of  the  oven,  A, 
and  the  general  passage  for  the  gas  and  vapours  is  intercepted  by  closing 
the  damper,  r ;  connection  between  the  boiler,  J,  and  the  door  of  the 
oven  is  established  by  the  pipe,  ^,  and,  by  opening  a  tap,  steam  is  driven 
into  the  interior  of  the  oven  as  long  as  may  be  considered  desirable. 
The  doors,  d^  are  then  raised,  and  after  adjusting  the  discharger  in  front 
of  the  oven,  it  is  set  in  motion,  and  pushes  the  coke  before  it  out  of  the 
oven  on  to  the  inclined  floor,  I,  between  dwarf  walls,  t,  where  it  is 
covered  with  damp  coke-dust  to  smother  it.  The  discharging  occupies 
from  four  to  five  minutes.  The  dischai^ger  is  then  withdrawn,  the  ori- 
fices, D,  are  opened,  and  the  oven  is  again  charged,  as  before,  with  from 
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six  to  seven  tons  of  coal,  which  takes  from  fifteen  to  twenty  minutes  to 
accomplish ;  the  doors,  d,  are  lowered,  any  pitch  which  may  have  been 
deposited  is  removed,  the  charging  orifices  are  closed,  the  damper,  r, 
opened,  and  the  operation  commences  afresh. 

When  the  coke  on  the  inclined  floor,  I,  is  sufficiently  cold,  it  is 
placed  in  trucks  which  convey  it  away  on  the  rails,  t  Care  must  be 
taken  that  the  following  precautions  are  attended  to  during  the  process. 
First,  that  all  the  joints  are  kept  tight  with  clay,  so  that  no  air  may 
enter  during  the  operation.  Second,  that  an  uniform  heat  is  maintained 
throughout  the  ovens.  Third,  that  the  condensers  and  washers  are  regu- 
larly supplied  with  water.  The  form  and  shape  of  the  ovens  may  be 
considerably  varied  without  departing  from  the  invention.  M.  Pemolet 
states  that  impure  coals  may  be  pulverized  in  any  convenient  way,  or 
mixed  with  rich  coal,  or  even  with  tar,  or  pure  coal  before  carbonization ; 
the  pulverizing  process  being  very  efficacious  in  order  to  give  solidity  and 
good  appearance  to  the  coke,  and  in  order  that  coke  made  from  very  poor 
coal  may,  without  washing,  be  suitable  for  use  in  locomotives  and  furnaces 
generally  without  leaving  clinkers  on  the  grate.  Because,  when  the  foreign 
matters  are  pulverized,  the  current  of  air  carries  them  away,  so  that  in  this 
particular  case  the  pulverization  replaces  washing,  without  waste.  Where 
the  mixture  of  coal  to  be  formed  into  coke  is  composed  of  materials  which 
do  not  carbonize  well  alone,  and  would  produce  only  incoherent  products, 
ovens  constructed  according  to  this  invention  answer  better  than  ordi- 
nary ones,  because  the  bituminous  parts  not  being  liable  to  be  bumt^  a 
less  quantity  is  required  to  produce  the  agglomeration  of  poor  coal,  an- 
thracite, coke-dust,  and  other  combustible  materials  incapable,  alone,  of 
being  transformed  into  solid  coke. 

The  apparatus  employed  by  Pemolet  is  very  similar  to  that  patented 
by  Pauwels  and  Dubochet  twelve  years  previously,  excepting  that  the 
latter  exhaust  the  gases  from  the  ovens  by  means  of  a  machine,  whilst 
Pemolet  sometimes  effects  the  same  object  by  drawing  off  the  products 
of  combustion  through  a  high  chimney. 

T?ie  Cair^  Coke -Oven. — In  the  earlier  attempts  to  utilize  the 
liquid  bye-products  resulting  from  the  coking  of  coal,  various  difficulties 
were  experienced,  and  for  many  years  they  were  attended  with  very 
limited  success.  The  waste  products  were  from  the  first  easily  collected, 
but  the  coke  was  of  inferior  quality,  and  thero  was  some  trouble  in 
maintaining  the  necessary  flues.  To  M.  Carves  belongs  the  credit  of 
being  the  first  to  constract  and  work  a  coke-oven  capable  of  yielding 
coke  suitable  for  metallurgical  purposes,  coal-gas,  ammoniacal  liquors, 
and  valuable  coal-tar.  The  oven  employed  for  this  purpose  is  a  hori- 
zontal chamber  of  brickwork  about  32  feet  in  length,  2  feet  in  width, 
and  4  feet  6  inches  in  height  A  number  of  these  are  built  side  by  side, 
with  a  partition  wall  between  them  sufficiently  thick  to  enclose  three 
horizontal  flues  communicating  with  one  another.  Two  flues  are  also 
formed  under  the  floor  of  each  oven,  and  in  those  originally  constructed 
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a  small  fiie-plaoe,  consisting  of  a  grate  and  ash-pit  \rith  a  suitable  door, 
was  placed  at  one  end.  Over  each  fire-door  is  a  nozzle,  through  which 
the  gas  generated  during  the  process  of  coking,  after  having  been  de- 
prived of  its  liquid  products  by  condensation,  is  admitted  and  burnt  over 
the  ignited  fuel  lying  upon  the  grate.  The  grates  are  charged  twice  only 
daring  the  twenty-four  hours,  their  purpose  being  simply  that  of  keeping 
the  gas  ignited ;  but  in  the  newer  form  of  the  Carv^  oven  the  fire-places 
are  omitted,  and  the  only  fuel  employed  is  gas.  In  the  Simon-Carves 
Oven^  in  accordance  with  a  recent  improvement,  hot  air  is  introduced  into 
the  flues  together  with  the  gas,  and  as  this  air  is  heated  by  the  waato 
heat  from  the  flues  which  conduct  the  products  of  combustion  to  the 
chimney,  a  considerable  increase  of  temperature  is  imparted  to  the  ovens 
without  any  additional  cost  for  fueL  From  the  burner,  where  the  gas  is 
consumed  by  the  aid  of  heated  air,  the  products  of  combustion  pass  for- 
ward through  one  of  the  horizontal  flues  beneath  the  bottom  of  the  oven 
to  its  far  end,  and  thence  turn  back  through  another,  from  which  they 
ascend  by  a  vertical  passage  into  the  uppermost  of  the  horizontal 
fines  in  Uie  partition  wall,  and  descending  in  a  zigzag  course  through 
those  below  it,  finally  pass  into  a  flue  outside  the  ovens,  and  thence 
to  the  chimney.  When  in  operation,  these  ovens  are  hermetically  sealed, 
with  the  exception  of  the  opening  for  the  escape  of  the  volatile  products, 
which  are  drawn  off  by  an  exhauster. 

The  coal,  as  in  Pemolet's  oven,  is  introduced  through  openings  in 
the  roof,  over  which  iron  trucks  travel  upon  rails.  These  feed-holes  are 
provided  with  iron  covers  kept  tightly  luted  with  clay  during  the  process 
of  coking,  as  are  also  the  large  doors  at  each  end  of  the  oven  or  retort. 
Through  the  middle  of  the  arch  of  each  oven  rises  a  gas-pipe  provided 
with  a  hydraulic  valve  through  which  the  products  of  distillation  escape 
into  a  range  of  cast-iron  pipes  kept  cool  by  an  external  dripping  of  water 
over  their  surfaces,  so  that  the  principal  part  of  the  tar  and  ammoniacal 
liquors  becomes  condensed.  The  combustible  gas  thus  separated  from 
the  condensed  liquids  is  further  passed  through  scrubbers  containing 
coke  moistened  with  ammoniacal  liquor,  which,  after  being  repeatedly 
used,  gradually  becomes  stronger  until  it  reaches  saturation,  when  it  is 
run  off  and  treated  in  the  usual  way.  All  the  valuable  bye-products 
having  been  thus  withdrawn  from  the  gas,  it  is  led  through  iron  pipes  to 
nozzles,  where  it  is  consumed  under  the  bottom  of  the  ovens.  The  coke 
is  removed  by  a  steam-ram,  similar  to  that  employed  for  discharging  the 
Pemolet  oven. 

Extensive  ranges  of  ovens  upon  this  principle  have  been  erected  by 
the  Terre-Noire  Company  at  Bessfeges,  France,  and  at  various  other 
Continental  localities;  the  coke  produced  by  them  being,  it  is  said, 
equal  to  that  yielded  by  the  older  forms  of  coke-oven. 

The  production  of  coke  is  also  larger  than  in  the  ordinary  oven, 
since  a  coal  producing  from  58  to  60  per  cent,  of  coke  in  the  ordi- 
nary beehive  oven  will  yield  as  much  as  75  per  cent,  of  a  superior  coke 
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in  the  improved  ovens.  A  range  of  ovens  of  this  construction  are  in 
successful  operation  at  the  coking  establishment  of  Messrs.  Pease  at 
Crook,  near  Darlington,  where,  in  addition  to  77  per  cent,  of  coke  of 
fair  quality,  and  2 '60  per  cent,  of  tar,  1*09  per  cent,  of  ammonium 
sulphate  is  obtained  from  the  coal  treated.  The  time  required  to  work 
off  an  oven  is  forty-eight  hours. 

The  Otto  Goke-Oven, — ^This,  like  the  Carves  oven,  is  a  modification 
of  the  Coppde  coke-oven,  in  which  heat  is  obtained  by  the  combustion  of 
the  distillates  in  lateral  flues,  but  which  is  not  provided  with  apparatus 
for  drawing  off  and  collecting  tar  and  ammoniacal  liquors.  The  side-flues 
of  the  Otto  oven,  like  those  of  the  original  Copp^e,  are  vertical  instead  of 
being  horizontal  as  in  the  Carv^  oven,  and  the  various  liquid  products 
are  condensed  and  collected  by  an  elaborate  system  of  coolers.  The 
time  necessary  for  coking  a  charge  is  forty-eight  hours,  and  the  coke, 
when  ready,  is  forced  out  of  the  oven  by  a  steam  discharger. 

At  the  Chester  meeting  of  the  Iron  and  Steel  Institute  (1884),  Dr. 
Otto  stated  that  a  successful  attempt  to  construct  coke-ovens  in  such  a  way 
as  not  only  to  produce  coke  but  also  to  utilize  the  bye-products  of  coking, 
was  made  in  France  in  1862,  while  England  and  Germany  have  only 
begun  within  the  last  few  years  to  construct  ovens  upon  this  principle. 
In  the  year  1884  about  150  ovens  utilizing  the  bye-products  of  coking 
were  working  in  France,  50  in  England,  and  190  in  Germany ;  the  latter 
to  be  shortly  increased  to  390. 

Tlie  HojSmann  Coke-Oven. — The  inventor  of  this  system  is  Herr 
Gust  Hoffmann  of  Gottesberg,  Silesia.  Its  essential  features  consist  in 
the  combination  of  coke-ovens  with  the  Siemens  regenerator  in  such  a 
way  as  to  heat  the  air  serving  for  the  combustion  of  the  gas  as  highly  as 
possible.  In  the  ordinary  coke-oven  the  heat  necessary  to  maintain  the 
coking  is  produced  by  the  combustion  of  the  gases  either  in  the  interior 
of  the  oven  or  in  its  side-flues.  If  the  gases  produced  in  a  coke-oven  are 
passed  through  a  condenser,  they  lose  their  high  temperature  and  return 
to  the  oven  comparatively  cold.  It  is  only  with  coals  rich  in  gas  that 
it  is  possible  to  obtain  a  temperature  sufficiently  high  for  coking  by 
burning  the  gases  with  cold  air.  In  the  best-constructed  coke-ovens  it 
is  therefore  sought  to  heat  the  air  by  which  the  gases  are  burned  to 
the  highest  possible  temperature,  in  order  to  restore  the  loss  of  heatinp^ 
power  suffered  by  the  latter  while  passing  through  the  condensers.  It 
is  consequently  the  object  of  the  Hoffmann  system  to  bring  the  air  at 
as  high  a  temperature  as  possible  in  contact  with  the  gases,  since  the 
hotter  the  air  employed  the  greater  will  be  the  temperature  obtained  in 
the  oven.  Fig.  21  is  a  longitudinal  section  through  the  centre  of  a 
Hoffmann  coke-oven,  and  fig.  22  a  transverse  section,  at  various  points, 
through  a  portion  of  a  block  of  these  ovens. 

In  the  Hoffmann  oven  there  is  no  communication  between  the  coking 
chamber,  A,  and  the  side-flues,  H ;  these  are  not  shown  in  fig.  21,  although 
the  openings  leading  to  them  are  seen  below  the  level  of  the  hearth     In 
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facfc,  with  the  exception  of  the  openings  A'  for  charging,  and  the  doors 
for  discharging,  which  are  hermetically  closed  during  the  process  of 
coking,  there  are  only  two  openings,  B,  in  the  roof  of  the  oven  by  which 
the  gases  escape. 

The  side  walls  of  the  ovens  contain,  over  the  abutments,  a  hori- 
zontal canal,  I  (fig.  22),  which  passes  over  the  entire  set  of  vertical  flues, 
H,  and  is  the  means  of  communication  between  them.  Each  of  the 
bottom  flues  is  divided  across  into  two  equal  lengths,  C  and  C  (fig.  21), 
each  of  these  lengths  communicating  with  a  regenerator  serving  to  heat 
the  air  for  the  combustion  of  the  gases.  Tlie  portion  of  the  flue,  C, 
communicates  with  the  regenerator,  D,  and  that  marked  C  with  D'.  These 
regenerators  are  long  flues  on  the  Siemens  plan  with  fire-bricks,  and 
extend  below  the  whole  range  of  coke-ovens,  communicating  ^t  one  end 
by  means  of  a  clack-valve  either  with  a  pipe  conveying  air  or  with  the 
chimney.  The  two  gas-pipes,  E,  E',  extend  along  the  whole  range  of 
coke-ovens  from  one  end  to  the  other.  If  now  the  ovens  are  supposed 
to  be  in  operation,  the  gases  from  the  charge  escape  by  the  openings  B 
in  the  roof  into  the  receivers,  F,  the  valves,  G,  being  open.  From  the 
receivers,  F,  the  gases  pass  to  the  condensation  house,  where  they  are 
cooled  and  washed. 

The  gases  returning  from  the  condensers,  where  they  have  been  de- 
prived of  their  tar  and  ammonia,  are  passed  back  by  the  gas-pipes,  £ 
and  E',  by  the  same  machine  which  drew  them  through  the  con- 
densers, and  by  means  of  which  their  complete  circulation  is  effected. 
According  to  the  position  of  a  clack-valve  in  the  gas  main,  the  gases 
return  either  by  the  pipe  E  or  by  that  marked  E',  while  the  bottom 
flues  of  all  the  ovens  communicate  with  the  gas-pipes  by  means  of  a 
nozzle  furnished  with  a  tap.  If  the  gas- valve  is  placed  in  such  a  position 
that  the  gas  passes  through  the  pipe  E,  then  the  valve  of  the  air  supply 
must  be  so  disposed  that  the  air  is  forced  by  a  fan  into  the  regenerator, 
D.  The  regenerator,  D,  and  the  nozzles  communicating  with  the  gas- 
pipe,  E,  discharge,  respectively,  heated  air  and  inflammable  gas  into  the 
bottom  flues,  C,  of  all  the  coke-ovens.  In  this  way  the  combustion  of 
the  gases  takes  place  in  the  flues,  G,  and  thence  extends  into  the  side 
flues.  The  whole  current  of  the  burning  gases  and  the  very  hot  products 
of  combustion  thus  rise  by  the  vertical  side  flues  from  the  first  half,  G, 
of  the  bottom  flues  into  the  horizontal  flues,  I,  and  then  descend  through 
the  remainder  of  the  vertical  side  flues,  H,  into  the  second  half,  G',  of 
the  bottom  flues,  whence,  after  passing  through  the  air  regenerator,  and 
imparting  to  it  a  portion  of  their  heat,  they  escape  by  the  chimney. 

After  the  expiration  of  about  an  hour  the  position  of  the  clack-valves 
in  the  gas- pipes  and  air-flues  are  changed,  so  that  the  course  both  of  the 
gas  and  air  is  reversed.  The  gases  are  then  forced  through  the  pipe,  E', 
and  the  air  through  the  regenerator,  D'.  Gombustion  takes  place  in  the 
half,  G',  of  the  bottom  flues,  and  the  side  flues,  which  before  served  as  a 
passage  to  the  descending  products  of  combustion,  are  traversed  by  an 
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ascending  draught ;  the  products  of  combustion  passing  oflf  through  the 
air  regenerator,  D,  into  the  chimney.  The  coke  is  removed  from  the 
oven  by  steam-power  as  in  the  case  of  the  other  coke-ovens  belonging  to 
his  class. 


Fig.  21.'-T»e  lIolTinaan  Cokc-Oveu  ;  triLuiTarte  Hctiau. 


In  one  of  the  German  establishments  employing  such  coke-ovens,  the 
daily  production  of  gas  per  oven  amounts  to  24,700  cubic  feet,  whereof 
17,700  only  are  required  for  coking  purposes,  thus  leaving  7000  cubic 


94  ELEMENTS   OP  METALLUfiGY. 

feet  daily  available  for  other  purposea  In  these  furnaces  the  bottom 
and  side  flues  are  so  extremely  hot  that  with  charges  of  8  tons  13  cwta 
the  coking  process  lasts  only  forty-eight  hours. 

The  quality  of  the  coke  produced  is  stated  to  be  equal  to  that  obtained 
from  ordinary  coke-ovens,  while  its  yield  is  several  per  cent  in  excess  of 
that  made  in  the  beehive  oven.  The  yield  and  composition  of  the  bye- 
products  are  much  influenced  by  the  character  of  the  coal  operated  on.  The 
coal  of  Westphalia  yields  1  per  cent,  of  ammonium  sulphate,  while  in 
Upper  Silesia  this  figure  rises  from  1*1  up  to  1*7  per  cent.  lu  the  Saar- 
briicken  district,  on  the  other  hand,  the  coal  yields  only  from  0*7  to  0*8 
per  cent,  of  this  salt  The  average  yield  of  tar  is  about  3  per  cent,  but 
it  does  not  contain  so  large  a  proportion  of  benzene  as  that  produced  in 
gas-works ;  the  amount  of  naphthalene  and  anthracene  is,  however,  about 
equal  to  that  present  in  gas-tar.  The  cost  of  coking  is  said  not  to  bo 
greater  tlian  in  the  common  beehive  oven. 

The  Jameson  Coke-Oven, — Mr.  John  Jameson  of  Newcastle-on-Tyne, 
instead  of  drawing  off  the  gases  and  condensable  products  from  the  tops 
of  his  ovens,  does  so  from  the  bottom,  and  collects  and  utilizes  the  bye< 
products  from  the  ordinary  beehive  oven.  The  cost  of  converting  an 
ordinary  beehive  oven  in  accordance  with  Mr.  Jameson's  system  varies 
from  £8  to  £10,  and  to  do  so  it  is  only  necessary  to  replace  the  old  bottom 
by  a  new  one  having  radial  depressions  or  gutters  covered  by  perforated 
tiles,  and  sloping  towards  the  centre,  where  there  is  an  aperture  in  con- 
nection with  a  system  of  pipes  and  coolers  exhausted  by  a  Root's  blower. 
Nine  beehive  ovens,  at  Page-Bank,  have  been  converted  in  accordance 
with  this  system  by  Messrs.  Bell,  and  produce  coke  which  cannot  be 
distinguished  from  that  made  in  the  same  ovens  previous  to  their 
conversion,  while  the  yield  is  precisely  the  same.  The  time  required 
for  coking  a  charge  is,  with  each  system,  seventy-two  hours ;  and  in  addi- 
tion to  coke  of  the  usual  amount  and  quality,  the  Jameson  ovens  yield 
four  gallons  of  oily  tar,  and  two  lbs.  of  ammonium  sulphate  per  ton 
of  coal  operated  upon. 

Although  practical  men  generally  are  fairly  agreed  that  for  use  in  the 
cupola,  coke  from  which  the  bye-products  have  been  collected  is  as  good 
as  that  produced  in  the  ordinary  beehive  oven,  there  is  not  such  a  general 
agreement  with  regard  to  its  value  for  blast-furnace  purposes.  In  a 
paper  read  before  the  Iron  and  Steel  Institute,  May  6  th,  1885,  Sir 
I.  Lowthian  Bell  described  a  comparative  experiment  which  he  had  con- 
ducted on  a  large  scale  with  Bearpark  coke  made  in  ordinary  beehive 
ovens,  and  the  same  coal  coked  in  the  Simon-Carv^  ovens.  This  experi- 
ment would  appear  to  show  that  the  coke  prepared  in  the  ordinary- 
beehive  oven  was,  for  blast-furnace  purposes,  about  10  per  cent,  more 
valuable  than  that  made  in  ovens  from  which  the  bye-products  had  been 
collected. 

Composition  and  Properties  of  Coke. — Well-prepared  coke  -essen- 
tially consists  of  carbon,  enclosing  the  various  inorganic  impurities  of  the 
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coal  from  which  it  has  heen  manufactured.  It,  however,  invariably 
retains  small  quantities  of  hydrogen,  oxygen,  and  nitrogen.  The  follow- 
ing table  gives  the  composition  of  three  varieties  of  coke : — 


c.      .       .       . 

1. 

2. 

8. 

9816 

9180 

91*59 

H.      .        .        . 

072 

0-33 

0-47 

N.       .        .        . 
0.       .        .        . 

1-28 
0-90 

2-17 

205 

Ash    . 

3-96 

6-20 

5-89 

Na  1,  coke  from  Durham  coal,  analysed  by  Bichardson  ;  Kos.  2  and  3, 
coke  from  the  caking  coal  of  the  Mons  basin,  analysed  by  M.  de  Marsilly. 
These  specimens  were  dried  at  between  100*  and  200*  C.  before  being 
subjected  to  analysi& 

Perfectly  dry  coke  does  not  generally  absorb  more  than  2  5  per  cent, 
of  water  by  exposure  to  a  moist  atmosphere,  and  coke,  of  which  the 
extinction  has  been  properly  conducted,  should  not  retain  more  than  3 
per  cent  of  moisture.  As,  however,  coke-burners  are  not  unfrequently 
paid  according  to  the  weight  of  coke  produced,  without  any  stipulation 
being  made  as  to  the  percentage  of  water  it  shall  contain,  it  is  not  un- 
usual to  find  specimens  in  which  the  amount  varies  from  8  to  12  per 
cent  It  is  evident  that,  in  order  to  produce  its  highest  calorific  effect, 
coke  should  be  used  in  a  dry  state.  A  considerable  portion  of  the  slack 
now  employed  for  the  manufacture  of  coke  is  freed  from  shale  and  other 
impurities  by  some  process  of  washing  before  being  charged  into  the 
oveDs. 

Chabrikq  Brown  Coal. — Brown  coal  is  of  all  kinds  of  fuel  the 
least  adapted  for  carbonization ;  for  although  it  is  acted  on  by  heat  in 
the  same  way  as  wood,  and  produces  a  less  combustible  charcoal  or  coke, 
jet  it  is  subject  to  inconveniences  which  render  its  production  too  costly 
for  general  application.  Lignite,  like  peat,  contains  a  large  proportion 
of  ash,  and  this  percentage  will  necessarily  be  much  greater  in  the  coke 
produced  than  in  the  lignite  from  which  it  was  made.  This,  from  the 
tendency  which  the  coke  would  necessarily  have  to  clinker  on  the  fire, 
prevents  its  being  used  for  many  purposes  for  which  a  fuel  of  greater 
purity  could  be  employed.  In  addition  to  this,  the  action  of  heat  causes 
the  layers  and  concentric  rings,  which  are  scarcely  perceptible  in  fresh 
lignite,  to  separate  from  one  another,  and  the  charcoal  or  coke  manufactured 
is  thereby  either  reduced  to  such  small  fragments  as  to  be  of  little  service 
as  a  fuel,  or  is  rendered  so  extremely  friable  as  to  be  unable  to  bear 
carriage  even  to  a  short  distance  from  the  locality  in  which  it  is  pro- 
duced The  carbonization  of  lignite  in  mounds  has,  however,  been  con- 
ducted on  a  small  scale  in  the  neighbourhood  of  Cassel ;  but  the 
situations  where  this  can  be  done  with  advantage  are  not  numerous. 
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The  following  results  were  obtained  by  heating  pieces  of  brown  coal 
in  closed  crucibles  until  all  traces  of  their  volatile  constituents  had 
ceased  to  be  evolved  : — 


G«yeof 

OaTeof 

100  Parts  of 

Charcoal 

100  Parts  of 

Ciiarooal 

Earthy  Goal  from  the  BaasM 

Alpefl    48-5 

Lignite  from  Neundorf . 

.     38-4 

Lignite  from  Greece 

.    389 

If 

Coulang    . 

.     881 

ff 

Friesdorf  . 

.     28*2 

It 

Jahnsdorf 

.     82-8 

ft 

Iceland 

.     57-6 

»» 

Hartenberg 

.     87-2 

11 

Au8zig 

.     401 

It 

II 

.     84-6 

tt 

Orsberg    . 
Hegendorf 

.     62-8 

tt 

Kanden    . 

.     37-5 

tt 

.     41-2 

II 

Reichenaa 

.     881 

tt 

Stoszchen 

.     291 

It 

II 

.     29*8 

tt 

PUtzchen  . 

.     46*4 

tt 

Altsattel  . 

.     40-3 

II 

M 

.        .    447 

II 

Verau       . 

.     85« 

Gaseous  Fuel. 

Attempts  were  made  as  early  as  the  commencement  of  the  present 
century  to  substitute  combustible  gases  for  solid  fuel  in  various  technical 
operations ;  but,  for  a  considerable  time,  they  were  not  attended  with 
practical  success.  According  to  a  report,  made  in  1842  to  the  French 
Academy,  by  Th^nard,  Berthier,  and  Chevreul,  the  waste  gases  of  blast- 
furnaces were  first  employed  by  M.  Aubertot  in  the  year  1809  for 
roasting  ores,  burning  lime,  <&c.,  and  in  1814  he  suggested  the  erection 
of  suitable  apparatus  for  the  employment  of  waste  gases  for  metallurgi- 
cal purposes.  In  the  year  1801  Lampadius  had  already  shown  the  pos- 
sibility of  employing  the  waste  gases  from  the  carbonization  of  wood,  and 
in  1830  he  attempted,  at  smelting- works  near  Freibei^,  the  cupellation 
of  argentiferous  lead  by  moans  of  gases  produced  from  coal. 

Ebelmen  states  that  M.  Victor  Sire,  of  Clerval,  obtained  a  patent  in 
1836  for  the  manufacture  of  wrought-iron  by  means  of  waste  gases  from 
blast-furnaces.  According  to  a  report  of  the  Central  Jury  of  the  Paris 
Exhibition  in  1844,  Sire's  patent  was  employed  in  1838  at  iron-works  on 
the  Lower  Ehine,  and  in  1841  in  the  Department  of  the  Moselle,  for 
the  refining  of  ircn ;  but  tho  process  does  not  appear  to  have  attracted 
much  attention. 

Successful  experiments  were  made  in  1837  by  Wilhelm  v.  Fabet  du 
Faur,  by  burning  the  waste  gases  of  blast-furnaces  in  a  reverberatory 
furnace  for  the  purpose  of  puddling  pig-iron. 

In  the  course,  however,  of  the  various  trials  of  the  employment  of 
waste  gases  for  this  purpose,  it  was  soon  discovered  that  every  modi- 
fication in  the  working  of  the  blast-furnace  produced  a  corresponding 
change  with  regard  to  the  quantity  and  composition  of  the  gases  evolved, 
and  that  the  process  of  puddling  was  thereby  prejudicially  affected. 
The  collection  of  the  gases  also  appeared  to  produce  a  prejudicial  effect 
on  the  operations  of  the  blast-furnace  itself.  The  dependence  for  a 
supply  of  fuel  on  the  satisfactory  working  of^  the  blast-furnace  was 
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fonnd  80  prejudicial  as  to  cause  this  method  of  employing  waste  gases 
to  he  abandoned,  and  led  to  their  employment  for  the  roasting  of  ores, 
the  heating  of  the  blast,  the  production  of  steam,  and  the  burning  of 
lime,  bricks,  &c.  These  processes  do  not  require  either  a  very  high  or  a 
very  uniform  temperature,  and  a  large  amoimt  of  fuel  was  thus  saved. 
The  utilization  of  waste  gases  has  also  resulted  in  the  extensive  employ- 
ment for  metalluTgical  purposes  of  gases  specially  prepared  in  gene- 
rators or  producers,  by  which  means  fuels  of  an  inferior  description 
can  be  rendered  serviceable  for  purposes  for  which,  if  consumed  in  the 
ordinary  way,  they  would  be  totally  unfitted. 

Before  Faber  du  Faur's  process  for  utilizing  waste  gases  had  obtained 
publicity,  experiments  were  made  in  the  Harz  (1839)  by  Bischof,  with 
the  view  of  generating  gases  in  a  furnace  or  producer,  and  subsequently 
burning  them  by  means  of  atmospheric  air. 

Gases-  thus  obtained  from  peat  were  found  to  readily  afford  the 
highest  welding  heats,  but  as  Faber's  method  of  employing  waste  gases 
had  in  the  meantime  come  into  notice,  and  appeared  to  possess  the  ad- 
vantage of  requiring  no  special  consumption  of  fuel,  Bischof 's  results 
trere  not  at  once  appreciated.  In  1838  some  Austrian  metallurgists  who 
visited  Wasseralfingen,  in  Wiirtemberg,  where  Faber's  process  was  in 
operation,  came  to  the  conclusion  that  the  employment  of  waste  gases  in 
the  paddling  of  iron  could  not  afford  practical  results,  and  in  the  follow- 
ing year  commenced  experiments  at  the  iron-works  of  Jenbach  in  the 
Tyrol,  with  a  view  to  the  preparation  of  inflammable  gases  by  an  im- 
perfect combustion  of  small  charcoal  These  trials,  however,  gave  rise 
to  dangerous  explosions  which  appear  to  have  finally  led  to  their  aban- 
donment. In  1841  Karsten  stated  it  was  probable  that  certain  descrip- 
tions of  compact  fuel,  which,  from  their  state  of  aggregation  and  low 
calorific  power,  were  not  then  adapted  for  the  purpose  of  puddling, 
would,  ere  long,  be  rendered  available  for  that  operation  by  being  con- 
verted, in  a  special  apparatus,  into  carbon  monoxide  gas,  by  the  combustion 
of  which  the  desired  result  would  be  effected.  The  experiments  made 
at  Jenbach  having  shown  the  practicability  of  firing  with  artificially 
produced  gases,  further  experiments  were  made  in  1842  at  steel-works 
at  Si  Stephan,  Styria,  with  a  view  of  producing  gaseous  fuel  from  small 
brown  coad.  The  results  obtained  having  been  of  a  satisfactory  nature, 
they  were  at  once  published,  and  gave  rise  to  the  general  introduction  of 
artificially  prepared  gases  as  fuel  This  method  of  firing  has  been  further 
developed  by  Bischof,  Eck,  and  others,  but  more  especially  by  Sir  C.  W. 
Siemens, whose  regenerative  gas-furnace  is  suited  for  almost  every  metal- 
lurgical operation  in  which  it  is  required  to  produce  a  high  temperature 
in  reverberatory  furnaces.  As  this  may  be  regarded  as  one  of  the  most 
important  inventions  of  modern  times  with  regard  to  the  utilization  of 
fuel,  it  will  be  necessary  to  describe  not  only  the  apparatus  employed 
for  the  preparation  of  the  gases,  but  also  the  arrangements  for  effecting 
their  economical  combustion. 
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Among  the  many  advantages  claimed  by  Siemens  for  his  regenera- 
tive furnaces  were  the  following : — 

0.  The  employment  of  inferior  descriptions  of  fuel,  such  as  slack, 
coal-dust,  lignite,  peat,  &c.,  together  with  a  saving  on  the  quantity  made 
use  of  to  the  amount  of  from  40  to  50  per  cent. 

b»  A  daily  increase  of  the  work  done  in  a  furnace  of  given  dimen- 
sions, amounting  to  at  least  30  per  cent. ;  which  is  a  result  of  the  almost 
unlimited  calorific  power  at  command,  even  when  only  a  moderate  chim- 
ney-draught is  available. 

c.  Perfect  uniformity  of  heat  throughout  the  furnace,  and  greater 
durability  of  the  brickwork ;  owing  to  the  absence  of  ai'hes,  by  which  the 
fusibility  of  the  surfaces  with  which  they  come  in  contact  is  increased. 

d.  The  production  of  a  flame  of  such  purity  as  greatly  to  diminish 
waste  by  oxidation  or  deterioration  of  the  metals  operated  on. 

e.  Great  cleanliness  and  saving  of  space  in  works;  since  the  gas- 
producers  are  invariably  erected  on  the  outsida 

/.  Increased  command  of  the  heat  employed  and  of  the  chemical 
effects  produced  by  the  flame ;  which  can  be  immediately  checked  when 
required,  or  at  once  changed  from  an  oxidizing  to  a  reducing  one,  or 
vice  versd, 

g.  Absence  of  smoke  from  the  chimney^tack ;  which,  in  the  neigh- 
bourhood of  large  towns,  and  in  some  other  situations,  is  of  great  im- 
portance. 

The  Sibmbns  Gas-Producbr. — An  early  form  of  the  gas-producer 
employed  by  Messrs.  Siemens  is  shown,  figs.  23  and  24.  Fig.  23  is  a  ver- 
tical section,  and  fig.  24  a  plan,  partly  section  on  the  line  P,  Q.  The  body 
of  the  apparatus,  A,  is  a  rectangular  fire-brick  chamber,  of  which  the  side, 
B,  consists  of  thick  cast-iron  plates,  lined  with  fire-brick,  and  having  a 
step-grate  formed  of  flat  iron  bars,  5.  At  bottom  the  bars,  G,  forming 
the  grate,  are  of  wrought-iron,  two  inches  square,  and  rest  on  suitable 
cast-iron  bearers  built  into  the  masonry.  The  fuel  employed  for  the  pro- 
duction of  gas  is,  in  this  country,  bituminous  coal,  which  should  not 
possess  the  property  of  caking  in  too  high  a  degree,  but  coke,  lignite, 
peat,  and  even  sawdust,  may,  in  case  of  necessity,  be  used  for  the  same 
purpose.  The  fuel,  whatever  may  be  its  nature,  is  chaiged  into  the 
hoppers,  D,  and,  on  opening  the  valves  in  connection  with  the  weighted 
levers,  d,  falls  on  the  inclined  plane  forming  the  front  of  the  producer. 
Before  doing  this,  however,  the  top  of  the  hopper,  from  which  a  charge 
is  about  to  be  let  fall,  is  closed  by  an  iron  lid  to  prevent  the  escape  of 
gas  during  the  operation.  In  this  way  the  grate  is  constantly  kept 
thickly  covered  with  fuel,  and  the  accumulated  ash  and  clinker  are  occa- 
sionally withdrawn  by  removing  the  bars,  G,  beneath  which  they  are 
allowed  to  accumulate  for  the  purpose  of  conveniently  regulating  the 
admission  of  atmospheric  air.  During  the  removal  of  the  grate,  G,  for 
the  purpose  of  clinkering,  temporary  pointed  bars  of  wrought-iron  are 
inserted  over  the  lower  bars,  b,  and  allowed  to  rest  on  the  brickwork  at 
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the  back.  In  this  way  the  fuel  in  the  cavity  of  the  producer  is  sup- 
ported, so  that  the  ash  and  clinker  may  be  removed  without  any  inter- 
ruption to  the  working  of  the  apparatus.  When  coal  of  good  quality  is 
employed,  each  producer  usually  requires  clinkering  but  once  in  the 
course  of  forty-eight  hours. 

A  limited  supply  of  air  is  admitted  at  the  grate,  and  its  oxygen,  by 
uniting  with  the  carbon  of  the  fuel,  forms  COj,  which  rises  through  the 
ignited  mass,  taking  up  an  additional  atom  of  carbon,  and  thus  giving 
rise  to  the  formation  of  2C0.  The  heat  thus  produced  distils  off 
hydrocarbons  and  other  gases  and  vapours  from  the  fuel  as  it  gradu- 
ally descends  towards  the  grate,  whilst  the  CO,  diluted  by  the  nitrogen 
of  the  air,  and  by  a  small  quantity  of  unreduced  CO,,  mixed  with  the 
gases  and  vapours  distilled  from  the  raw  fuel,  is  finally  conducted  by  a 
flue  to  the  furnace. 

A  pipe,  E,  supplies  a  small  quantity  of  water  to  the  ash-pit,  whence, 
as  it  evaporates  and  comes  in  contact  with  tlie  incandescent  fuel,  it 
becomes  decomposed,  giving  rise  to  carbonic  oxide  gas  and  hydrogen. 
The  hose,  F,  of  vulcanized  indiarubber,  is  employed  for  watering  the 
clinkers  as  they  are  witlidrawn,  in  order  that  they  may  be  rapidly  cooled 
and  their  removal  from  before  the  producers  facilitated.  By  means  of 
the  plug-holes,  G,  the  workman  is  enabled  to  inspect  the  state  of  the 
fires,  and,  when  necessary,  to  stir  the  fuel  by  the  aid  of  an  iron  bar. 
The  sliding  dampers,  H,  are  for  the  purpose  of,  at  any  time,  cutting  off 
the  producers  from  the  gas-stack,  L  Any  in-draught  of  air  through  the 
crevices  in  the  brickwork,  which  would  result  in  burning  the  gas  in  the 
flue,  is  prevented  by  constantly  maintaining  a  slight  outward  pressure 
in  the  gas-channeL 

When  the  furnaces  stand  on  a  considerably  higher  level  tlian  the 
producers,  the  required  pressure  is  obtained  without  difficulty  ;  but 
when  this  is  not  the  case,  a  special  arrangement  becomes  necessary  in 
order  to  produce  this  effect.  The  most  simple  contrivance  for  the  pur- 
pose is  a  cooling-tube  raised  to  a  considerable  height  above  the  level 
of  the  producera  The  stack,  I,  is  carried  up  in  brickwork,  well  bound 
with  iron,  to  a  height  of  from  ten  to  twelve  feet,  and  the  gases  are  con- 
ducted through  a  horizontal  tube  of  wrought-iron,  from  which  they 
pass  down,  through  a  similar  stack  of  masonry,  to  the  main  gas-flue  in 
connection  with  the  furnaces.  The  gases,  which  rise  from  the  producers 
at  a  temperature  of  about  550°  C,  are  thus  cooled  by  their  passage 
through  the  metallic  tube,  and  the  descending  column,  becoming  more 
dense  and  heavier  than  that  of  the  same  length  which  is  ascending,  con- 
sequently overbalances  it.  A  syphon  is  thus  formed,  of  which  the  two 
legs  are  of  equal  length,  but  of  which  one  is  filled  with  a  heavier  gaseous 
fluid  than  the  other. 

Shortly  after  the  application  of  this  arrangement.  Sir  C.  W.  Siemens 
made  the  following  observations  relative  to  its  action  : — "  This  method  of 
obtaining  a  pressure  in  the  gas-flue  by  cooling  the  gas  has  been  objected 
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to  as  throwing  away  heat  that  might  be  employed  to  greater  advantage 
in  the  furnace ;  but  this  is  not  the  case,  because  the  action  of  a  regene- 
rator is  such  that  the  initial  temperature  of  the  gases  to  be  heated  has 
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no  effect  on  the  final  temperature,  and  only  renders  the  cooling  of  the 
hotter  fluid  more  or  less  complete.  The  only  result,  therefore,  of  work- 
ing the  furnace  with  gas  of  higher  temperature  is  to  increase  the  heat  o£ 
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the  waste  gases  passing  off  by  the  chimney-flue.  The  complete  cooling 
of  the  gas  results,  on  the  other  hand,  in  the  great  advantage  of  condensing 
the  steam  that  it  always  carries  with  it  from  the  gas-producer,  and,  in 
the  case  of  iron  and  steel  furnaces,  in  burning  wet  fuel,  it  is  absolutely 
necessary  to  cool  the  gas  very  thoroughly  in  order  to  get  rid  of  the  lai^ge 
amount  of  steam  that  it  contains,  which,  if  allowed  to  pass  into  the  fur- 
nace, would  oxidize  the  metal 

"There  is  undoubtedly  a  certain  waste  of  heat,  which  might  be  utilised 
by  surrounding  the  cooling-tube  with  a  boiler  or  by  otherwise  econo- 
mising the  heat  it  gives  off,  as,  for  instance,  in  drying  the  fuel ;  but  the 
saving  to  be  effected  is  not  very  great,  for  as  100  volumes  of  the  gas 
require  for  combustion  about  130  volumes  of  air,  including  20  per  cent, 
above  that  theoretically  required,  the  heat  given  off  in  cooling  1000*"  F. 
is  no  more  than  would  be  lost  in  discharging  the  products  of  the  com- 
plete combustion  of  the  fuel  at  a  temperature  iS5''  in  excess  of  the  actual 
temperature  of  200° ;  and  this  loss  is  greatly  diminished  if  a  richer  gas 
is  obtained." 

He  further  observes  that  the  composition  of  the  gases  varies  in  accord- 
ance with  the  nature  of  the  fuel  employed  and  the  management  of  the 
gas-producer.  An  analysis  made  of  the  gas  from  the  producers  at  the 
plate  glass-works  of  St.  Grobain,  France,  which  were  supplied  with  a 
mixture  of  three-fourths  caking  coal  and  one-fourth  non-caking  coal, 
afforded  the  following  results : 
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The  trace  of  oxygen  present  is  no  doubt  due  either  to  want  of  care  in 
collecting  the  gas,  or  to  leakage  of  air  into  the  flue ;  allowing  for  this, 
the  corrected  analysis  will  stand  as  under : — 
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The  first  three  of  these  constituents,  or  about  35  per  cent.,  are  alone 
of  any  use  as  fuel ;  the  carbonic  anhydride  and  nitrogen  present  only 
dilute  the  inflammable  gases. 

Begenbrativb  Furnace. — In  the  regenerative  furnace  the  producei^ 
gases  and  air  employed  for  their  combustion  are  separately  heated  by  the 
waste  heat  of  the  flame  by  means  of  regenerators  placed  beneath  the  fur- 
nace. These  consist  of  four  chambers  fitted  with  fire-bricks  loosely 
stacked  together,  so  as  to  expose  the  largest  possible  surface  to  the  gases 
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passing  between  ihem.  The  waste  gases  from  the  furnace  above  are 
drawn  down  through  two  of  these  regenerators,  heating  the  upper  rows  of 
bricks  to  a  temperature  little  inferior  to  that  of  the  furnace  itself,  and, 
passing  successively  over  cooler  surfaces,  finally  escape  to  the  main  flue 
of  the  chimney  in  a  comparatively  cold  state.  The  direction  of  the 
draught  is  now  reversed,  and  the  flame  and  heated  waste  gases  are  em- 
ployed to  heat  up  the  second  pair  of  regenerators  ;  at  the  same  time  the 
gases  and  air  entering  the  furnace  are  passed  in  an  opposite  direction 
through  the  first  pair,  and  coming,  at  first,  in  contact  with  the  cooler 
brickwork  below,  are  gradually  heated  in  their  ascent  until,  on  arriving 
near  the  top,  they  attain  a  temperature  nearly  equal  to  that  possessed  by 
the  products  of  combustion. 

The  heated  gases  and  air  finally  pass  up  into  the  furnace,  where  they 
meet  and  ignite,  producing  a  strong  flame,  which,  after  passing  through 
it,  is  drawn  down  the  second  pair  of  regenerators  to  a  flue  in  connection 
with  the  chimney.  In  this  way  the  temperature  of  the  ascending  gas 
and  air  remains  nearly  constant,  until  the  brickwork  of  the  upper  portion 
of  the  regenerator  has  sensibly  cooled  ;  but,  by  the  time  this  has  taken 
place,  the  second  pair  of  regenerators  have  become  sufficiently  heated  and 
the  draught  is  again  reversed.  The  current  of  waste  gases  is  thus  made  to 
circulate  through  the  first  pair  of  regenerators,  by  which  they  again  be- 
come heated,  whilst  the  combustible  gases  and  air,  entering  the  furnace, 
are  being  passed  up  through  the  second  pair.  By  reversing,  in  this 
way,  the  direction  of  the  draught  at  regular  intervals,  a  large  proportion 
of  the  heat  generated  is  retained  in  the  furnace,  whereas,  under  ordinary 
circumstances,  a  very  considerable  amount  would  be  carried  off  by  the 
products  of  combustion.  Thus,  whatever  may  have  been  the  intensity  of 
the  heat  produced  in  a  regenerative  furnace,  the  temperature  of  the  gases 
escaping  to  the  chimney  rarely  much  exceeds  150^  C. 

In  ordinary  furnaces  the  amount  of  heat  carried  off  by  the  products 
of  combustion  is  often  in  excess  of  that  utilized,  since  all  the  heat  below 
the  required  temperature  is  entirely  lost  The  economy  of  fuel  effected 
in  the  regenerative  furnace,  by  removing  this  source  of  loss  and  making 
the  heat  of  the  waste  gases  available  for  raising  the  temperature  of  the 
flame,  amounts^  on  an  average,  to  50  per  cent,  on  the  quantity  used  in  an 
ordinary  furnace,  and  this  saving  is  greater  in  proportion  as  the  tempera- 
ture at  which  the  furnace  is  woriced  is  increased. 

When  the  heat  of  a  furnace  is  not  continually  lowered  by  the 
introduction  of  fresh  charges  of  cold  materials,  the  temperature  for  some 
time  increases  after  each  reversal  of  the  direction  of  the  draught,  as  a 
comparatively  small  proportion  of  the  heat  generated  is  carried  off  by  the 
waste  gases.  By  ascending  through  the  regenerators  the  gases  and  air 
become  heated  to  a  temperature  nearly  equal  to  that  of  the  flame  which 
had  been  previously  passing  through  them  in  a  contrary  direction,  and, 
when  they  meet  and  bum  in  the  furnace,  the  heat  of  combustion  is 
added  to  that  absorbed  in  the  regenerators.     The  flame  produced  is  con- 
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sequently  hotter  than  previously  to  the  last  reversal,  and  raises  the 
regenerator  through  which  it  is  passed  to  a  greater  heat  than  before.  On 
again  reversing  the  draught,  this  increased  heat  is  communicated  to  the 
entering  air  and  gases,  and  a  still  further  increase  in  the  temperature  of 
the  flame  is  the  result  The  temperature  that  may,  in  this  way,  he 
ultimately  obtained  by  the  gradual  accumulation  of  heat  in  the  re- 
generators and  furnace  is,  in  practice,  limited  by  the  difficulty  of  finding 
a  sufficiently  refractory  material  for  the  construction  of  the  apparatus. 

One  of  the  best  materials  available  for  this  purpose  are  Dinas  fire- 
bricks, consisting  of  nearly  pure  silica ;  but  although  they  perfectly  with- 


Fig.  25.— Siemeua'  Re-heating  Furnace ;  front  elevation,  valves  and  fluee  in  section. 

stand  the  temperature  required  for  the  fusion  of  the  most  refractory 
steel,  the  heat  can,  nevertheless,  be  so  increased  as  to  melt  them. 

It  was  calculated  originally  that,  supposing  the  direction  of  the 
draught  of  a  furnace  to  be  reversed  every  hour,  17  lbs.  of  regenerator 
brickwork,  at  each  end  of  the  arrangement,  per  lb.  of  coal  consumed  in 
the  gas-producer  per  hour,  would  be  theoretically  sufficient  to  absorb  the 
waste  heat,  if  the  whole  mass  of  the  regenerators  were  uniformly  heated 
at  each  reversal  to  the  full  temperature  of  the  flame,  and  then  completely 
cooled  by  the  air  and  gases  coming  in.  In  practice,  however,  this  does 
not  actually  take  place,  and,  consequently,  three  or  four  times  as  much 
brickwork  is  required  in  the  regenerators  as  is  equal,  in  regard  to  capacity 
for  heat,  to  the  products  of  combustion.  It  has  been  found  by  experi- 
ment that  a  surface  of  six  square  feet  in  the  regenerators  is  necessary  to 
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take  up  the  heat  of  the  products  of  combustion  of  1  lb.  of  coal  per  hour. 
The  arrangement  of  a  reverberatory  furnace  on  the  regenerative  principle 
will  be  understood  by  the  aid  of  figs.  25,  26,  and  27. 

The  first  is  a  front  elevation  of  a  re-heating  furnace,  showing  the  gas- 
reversing  valves  aikl  flues  in  section.     Fig.  26  is  a  longitudinal  section 
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Fig.  26.— Siemeiiib'  Rebefttliig  Furnace;  longitudinal  e«ction. 


Tig.  27.-— Siemens'  Re-he«ting  Furnace ;  sectional  plan  on  L,  M. 

on  A,  B^  C,  D  (fig.  27),  and  fig.  27  is  a  sectional  plan  on  L,  M  (fig.  26). 
The  waste  heat  escaping  from  the  furnace  is  arrested  and  absorbed  by 
the  masses  of  open  brickwork,  E,  F,  E'  F'  (fig.  26),  while  the  products  of 
combustion  subsequently  reach  the  chimney-flue  in  a  comparatively  cool 
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state.  On  first  lighting  the  furnace,  the  gases  pass  in  through  the  gas 
regulating  valve,  G,  and  the  reversing  valve,  H  (fig.  25),  and  entering  the 
flue,  I,  reach  the  bottom  of  the  regenerator,  E  (fig.  26).  The  air  enters 
through  corresponding  air  regulating  and  reversing  valves  behind  the 
valves,  G,  H,  and  passes  thence  through  a  flue  behind  the  partition,  K,  into 
the  regenerator,  F.  The  currents  of  unheated  gas  and  air  ascend  separately 
through  the  regenerators  E  and  F,  and  pass  up  respectively  through  the 
flues,  L,  M  (fig.  27),  into  the  furnace  above,  where  they  bum  with  a 
flame  of  moderate  (^orific  intensity.  The  products  of  combustion  are 
removed  through  a  similar  set  of  openings  at  the  other  end  of  the  furnace, 
and  passing  into  the  regenerators,  £',  F,  finally  escape  through  the  flue, 
I',  and  another  behind  K',  to  the  chimney-flue,  N.  In  this  way  the 
waste  heat  is  absorbed  by  the  brickwork  of  the  regenerators,  E',  F',  whilst 
the  gases  pass  off  to  the  chimney  in  a  comparatively  cold  state.  At  the 
expiration  of  about  an  hour  the  reversing  valves,  through  which  the 
gas  and  air  are  separately  admitted  to  the  furnace,  are  turned  over  by 
means  of  levers,  and  an  inward  current  is  established  through  the 
regenerating  chambers,  E',  F',  which  have  become  heated  by  the  flame 
and  waste  gases  which,  previous  to  the  reversal  of  the  valves,  had  been 
descending  through  them.  The  air  and  gases  now  entering  the  furnace 
become  heated  in. their  passage  through  the  hot  brickwork  of  E',  F',  and, 
on  meeting  and  entering  into  combustion,  produce  a  higher  temperature 
than  that  obtained  during  the  first  hour,  when  cold  air  and  gases  only 
were  supplied. 

The  waste  gases  from  this  combustion  at  a  higher  temperature  now 
heat  the  previously  cold  regenerators,  E,  F,  to  a  correspondingly  increased 
degree.  After  about  an  hour's  working  of  the  apparatus  with  the  current 
in  this  direction,  the  reversing  valves  are  again  turned,  and  the  air  and 
g^ses  admitted  through  the  chambers,  E,  F,  which  are  now  very  hot,  and 
they  consequently  enter  the  furnace  at  a  still  higher  temperature  than 
before,  producing  a  heat  of  increased  intensity,  and  heating  the  regene- 
rators, E',  F',  to  a  still  higher  temperature  than  E,  F.  On  reversing  the 
current,  the  air  and  gases  acquire  a  greater  heat  than  before,  and  an 
accession  of  heat  is  thus,  step  by  step,  obtained,  until  the  furnace  acquires 
the  temperature  required  ;  the  heat  of  the  products  of  combustion  being 
always  so  abstracted  that  they  arrive  at  the  chimney-flue  in  a  compara- 
tively cool  state.  When  the  required  heat  has  been  acquired  by  the  fur- 
nace, its  temperature  is  readily  controlled  by  the  supply  of  air  and  gas 
admitted  through  the  regulating  valves,  and  by  the  chimney  damper, 
which  is  more  or  less  closed  as  circumstances  may  require.  The  regu- 
lating valves  are  raised  and  lowered  either  by  a  hand-screw  or  by  a 
notched  lever,  and  consequently  admit  of  being  readily  maintained  in  any 
required  position. 

Although  furnaces  constructed  upon  the  regenerative  principle  vary 
considerably  in  their  minor  details,  their  main  features  remain  in  all 
cases  essentially   the  same.     In  a  recent  paper  contributed  to  the 
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'Journal  of  the  Iron  and  Steel  Institute '^  by  Mr.  F.  Siemens,  he  calls 
attention  to  the  fact  that  to  obtain  the  most  satisfactory  results  from  the 
regenerative  furnace  the  dimensions  of  the  reverberatory  chamber  should 
not  be  too  much  restricted. 

In  all  furnaces  destined  for  the  production  of  a  very  high  tempera- 
ture, it  has  been  generally  considered,  as  the  first  condition  of  success, 
that  the  space  to  be  heated  should  be  as  small  as  the  particular  circum^ 
stances  of  the  case  Tirill  allow,  in  order  that  the  flame  may  be  brought 
into  immediate  contact  with  the  refractory  lining,  and  more  particu- 
larly with  the  surface  of  the  material  lying  on.  the  furnace  bottom. 
After  numerous  and  careful  trials,  Mr.  Siemens  has  become  satisfied  that 
in  order  to  obtain  the  best  results  the  gas-fnmace  should  be  so  arranged 
that  the  flame  only  radiates  on  the  material  to  be  treated,  and  should  not 
come  in  direct  contact  with  it,  as  was  the  case  in  the  older  furnaces. 
The  gas-  and  air-ports,  instead  of  being  so  situated  that  the  flame  impinges 
on  the  material  placed  upon  the  bottom  of  the  furnace,  should  open  a 
little  below  the  roof  of  the  melting  chamber,  and  also  at  some  distance 
from  its  side  walls.  In  this  way,  after. ignition,  the  gas  and  air  have 
unobstructed  space  for  entering  into  combustion  and  for  the  free  deve- 
lopment  of  the  flame,  which  must  be  kept  as  much  as  possible  from 
contact  with  either  the  lining  of  the  furnace  or  with  the  material  to  be 
heated  It  is  also  important  that  when  crucibles,  blooms,  ingots,  or 
piles  of  iron  are  operated  upon,  they  should  be  placed  sufficiently  far 
apart  to  allow  the  radiant  heat  to  have  free  access  all  round  them. 
When  the  furnace  is  provided  with  working  doors,  the  flame  should  pass 
above  their  level,  as  in  that  way  the  workmen  will  not  be  inconvenienced 
when  watching  the  operations  within  the  heating  chamber.  The  rege- 
nerating furnace,  as  now  constructed,  appears,  at  first  sight,  to  be  unneces- 
sarUy  wide  and  high,  but  by  this  method  of  heating  high-temperature 
furnaces  by  radiation,  considerable  space  is  required  for  the  development 
of  the  flame. 

Numerous  examples  of  the  efficiency  of  this  improved  form  of  gas- 
furnace  are  quoted  by  the  author  of  the  paper,  but  one  of  these  only  will 
he  here  sufficient.  At  the  Landore  Siemens-Steel  Works,  near  Swansea, 
the  furnaces,  which  were  altered  at  the  end  of  1883  and  beginning  of 
1884,  had  before  the  end  of  September  in  the  latter  year  already  out- 
lasted furnaces  reconstructed  at  the  same  time  on  the  old  type.  They 
work  more  uniformly,  consume  less  fuel,  and,  on  account  of  the  smaller 
amount  of  oxidation  going  on,  yield  a  larger  out-put  than  the  older  form 
of  furnace.  This  improved  method  of  heating  has  been  adopted  in 
several  steel-melting  establishments  in  this  country,  and  is  particularly 
recommended  when  steel  is  to  be  prepared  from  an  inferior  quality  of 
pig-iron  by  the  adoption  of  a  basic  lining. 

Watir-Gas. — Instead  of  using  gas  obtained  from  gas-producers  of 

^  *0d  a  New  Method  of  Heating  the  Regenerative  GaB-Fumaee,'  by  Frederick 
Siemeng,  O.E.     Jour.  Iron  and  Steel  Inat.,  1884,  p.  43i. 
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the  ordinary  description,  a  gaseous  fuel  known  as  "  water-gas "  has 
been  recently  sometimes  employed.  This  gas  is  obtained  by  the  action 
of  superheated  steam  upon  coal,  a  portion  of  the  fuel  being  burnt  as 
completely  as  possible  into  carbonic  anhydride  and  water,  while  the 
resulting  heat  is  stored  up  partly  in  the  unconsumed  fuel  and  partly  in 
regenerators  constructed  on  the  Siemens  principle.  Tiie  heat  accumu- 
lated in  the  regenerators  is  employed  for  the  preparation  of  superheated 
steam,  which  is  subsequently  passed  through  the  heated  fuel,  by  uniting 
with  the  constituents  of  which  carbonic  oxide  and  hydrogen  are  produced 
and  employed  as  fuel.  $ 

Gas-producers  upon  this  principle  have  been  erected  at  various  loca- 
lities in  this  country  by  Mr.  W.  S.  Sutherland  of  Birmingham,  who 
employs  a  system  invented  in  America  by  Mr.  Strong ;  a  similar  apparatus 
has  likewise  been  constructed  at  Essen,  in  Germany.  All  these  are 
reported  to  work  more  or  less  satisfactorily,  but  the  results  which  have 
been  hitherto  published  do  not  appear  to  be  of  a  sufficiently  detailed 
character  to  enable  a  comparison  to  be  established  between  water-gas  and 
the  gas  obtained  from  the  Siemens  producer.  With  a  producer  on  the 
new  principle,  Mr.  Sutherland  states  he  has  obtained  55,000  cubic  feet 
of  gas  from  one  ton  of  Staffordshire  coal,  or  about  25  cubic  feet  per  pound 
of  fuel  consumed. 

The  composition  of  this  gas  was,  by  volume,  approximately  as 
follows : — 

57  parts  H  and  hydrocarbons. 
86    „     Co. 
8    „     Coi  and  N. 

100 

As  compared  with  illuminating  gas,  Mr.  Sutherland  estimates  the 
heating  power  of  water-gas  at  about  one-half,  but,  on  the  other  hand,  it 
can  be  prepared  at  very  much  less  cost.  By  passing  the  gas  from  the 
producers  through  suitable  condensers,  about  1^  gallon  of  tar  and  a  cer- 
tain quantity  of  ammoniacal  liquor,  of  4''  Twaddell,  have  been  obtained 
from  a  ton  of  coal. 


KEFRACTORY  MATERIALS  FOR  FURNACES  AND 
CRUCIBLES. 

Firs-Stones. — Many  varieties  of  rock,  rich  in  silica,  have  been  em- 
ployed for  the  refractory  linings  of  furnaces,  and  before  being  used  for 
that  purpose  should  be  stored  for  a  considerable  time  in  a  dry  place,  in 
order  to  deprive  them  of  moisture.  When  stratified  rocks  are  used,  they 
should  be  built  into  the  wall  in  accordance  with  their  natural  bedding,  in 
order,  as  far  as  possible,  to  prevent  exfoliation  on  the  application  of  heat. 
Sandstones,  in  which  the  grains  of  quartz  are  cemented  by  a  siliceous 
or  argiUaceous  cement^  are  sometimes  employed  for  the  hearth-stones  of 
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blast-furnaces,  but  those  varieties  which  contain  notable  quantities 
either  of  lime  or  of  iron  oxide  are  not  sufficiently  refractory.  Sand- 
stones containing  spangles  of  mica  or  grains  of  iron  pyrites  are  not, 
generally,  sufficiently  infusible  to  be  so  employed ;  coarse-grained 
siliceous  stones,  such  as  Millstone-grit,  are  frequently  made  use  of  for 
this  purpose. 

In  the  Truckee  Valley,  State  of  Nevada,  United  States  of  America, 
a  diatomaceous  fire-stone  is  obtained,  which  presents  the  appearance  of 
vellowiBh  chalk.  It  is,  however,  much  lighter,  floating  readily  when  first 
thrown  into  water,  but  sinking  as  soon  as  it  becomes  wetted  to  a  cer- 
tain depth.  Sp.  gr.  =  1*49.  It  cuts  readily,  and  may  be  sawn  into  any 
required  form  ;  it  is  also  easily  worked  with  the  axe. 

A  specimen  of  this  substance,  analysed  by  A.  G.  Phillips,  afforded  the 
following  results : — 


1. 

8. 

SiO,    .        .        .        . 

78-82 

78-82 

FcO,  .        . 

8-28 

8-18 

AlA.        . 

9-48 

9*69 

CaO    . 

070 

0-82 

K^     .        . 

0-55 

0-42 

Na,0  . 

0-62 

0-68 

H9O,  combined 

7-53 

7-49 

HfO,  hygriMCopic 

4-66 

4-65 

10008 

100-26 

Talcose  slate  and  soapstone  have  been  sometimes  used  for  the  fire- 
work of  furnaces,  and,  from  the  resistance  offered  by  them  to  the  cor- 
rodmg  influence  of  metallic  oxides,  they  are  occasionally  found  very 
serviceable.  Serpentine,  on  account  of  the  small  proportion  of  silica  it 
contains,  is  also  less  readily  attacked  by  metallic  oxides  than  more  siliceous 
rocks ;  it  is  used  in  Styna  for  the  hearths  of  blast-furnaces.  Gneiss 
is  used  at  Schmbllnitz  for  the  construction  of  reverberatory  furnaces ; 
it  is  easily  dressed  to  the  required  forms,  and  offers  great  resistance  to 
liigh  temperatures  and  sudden  changes  of  heat.  Gi-anite  is  employed  in 
Cornwall  for  the  outside  masonry  of  lead  and  tin  furnaces,  which  are 
internally  lined  with  fire-brick.  Siliceous  sand  is  extensively  used  by 
the  metflJlurgist,  both  for  mixing  with  the  fire-clay  employed  as  a  cement 
in  the  construction  of  furnaces  and  for  furnace-bottoms.  The  beds  of 
the  smelting  and  refining  furnaces  in  copper-works  are  made  of  a  sand 
of  which  great  accumulations  are  met  with  at  various  points  along  the 
coast  of  Great  Britain.  This  sand  usually  contains  about  87  per  cent  of 
sihca,  with  a  little  lime,  oxide  of  iron,  and  alumina.  Sand  is  also  ex- 
tensively employed  for  moulds  both  in  iron  and  brass  foundries. 

Firb-Clat& — Clays  are  essentially  liydrated  silicates  of  aluminium, 
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and  on  the  presence  of  water  of  combination  depends  their  plasticity  or 
capability  of  being  moulded  into  any  required  form,  when  mixed  with  a 
suitable  amount  of  water.  In  addition  to  their  combined  water,  clays 
contain  a  greater  or  less  amount  of  hygroscopic  moisture,  which  may 
be  expelled  by  heating  them  to  a  100**  C,  without  impairing  their 
plasticity.  When  days  possess  the  property  of  resisting  exposure  to  high 
temperatures,  without  either  melting  or  becoming  sensibly  softened,  they 
are  called  refractory  days  oi  fire-clays.  These  occur  in  various  geological 
cal  formations,  but  more  particularly  in  the  Coal-measures. 

When  clays  are  heated  to  redness,  their  water  of  combination  is  ex- 
pielled,  as  well  as  their  hygroscopic  water,  and  their  property  of  affording, 
when  mixed  with  water,  a  plastic  mass  is  thereby  destroyed.  In  this 
dehydrated  state  days  do  not  immediately  combine  with  water,  although 
they  absorb  it  with  avidity,  without^  however,  regaining  their  plastic 
condition. 

The  substances  found  accompanying  clays  and  in  a  state  of  intimate 
mixture  with  them  are  very  numerous ;  but  among  the  most  common 
of  these  impurities  may  be  mentioned  oxide  of  iron,  calcium  carbonate, 
and  iron  pyrites.  The  presence  of  these  substances  materially  impairs 
the  refractory  quality  of  the  clays  in  which  they  occur,  as,  by  their 
action  ou  the  silica,  a  series  of  fusible  vitreous  compounds  is  produced. 
The  degree  of  heat  necessary  to  effect  the  fusion  of  these  compounds  is 
not  entirely  dependent  on  the  amount  of  extraneous  matter  thus  brought 
in  contact  with  the  natural  silicate,  but  is  also  in  a  remarkable  manner 
influenced  by  their  nature  and  number. 

In  this  way  a  clay  containing  a  given  amount  of  magnesia  is  found 
to  be  less  fusible  than  another  similarly  constituted,  but  having  a 
certain  portion  of  the  magnesia  replaced  by  an  equivalent  amount  of 
lime ;  if  iron  oxide  be  also  present,  the  compound  will  be  found  propor- 
tionately more  easy  of  fusion.  Among  the  purer  varieties  of  clay,  the 
most  refractory  are  those  in  which  the  proportion  of  silica  is  greatest ; 
and  reaches  its  maximum  in  those  substances  which,  although  exhibiting 
many  of  the  physical  properties  of  clays,  can  scarcely  be  classified  among 
them  on  account  of  their  very  large  percentage  of 'silica.  Such,  for 
example,  are  the  different  varieties  of  earth  consisting  of  the  siliceous 
remains  of  infusoria. 

The  composition  of  several  varieties  of  British  fire-clay  is  given  on 
page  111. 

The  table  of  analyses  on  page  112  gives  the  composition  of  several 
foreign  fire-clays. 

Lime,  Maqnesia,  Alumina,  &c. — Lime,  when  heated  alone,  is  one 
of  the  most  refractory  substances  known,  since  at  no  temperature  to 
which  it  has  hitherto  been  subjected  does  it  exhibit  the  slightest  indica- 
tion of  fusion.  Lime  crucibles  of  small  sizes  are  easily  made,  and  may 
be  sometimes  useful  when  very  high  temperatures  are  required.  The 
apparatui^  designed   by  Deville  for  the  fusion   of  large  quantities  of 
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REFRACTORY  MATERIALS.  113 

platinnm,  by  the  combustion  of  coal-gas  with  oxygen,  consists  of  a  box 
of  cast-iron  lined  with  rectangular  blocks  of  lime. 

Magnesia  is  quite  as  infusible  as  lime,  and  bricks  of  this  material 
aie  sometimes  employed.  The  mixture  of  lime  and  magnesia,  obtained 
by  subjecting  dolomitic  limestone  to  a  very  high  temperature,  is  much 
used  for  lining  the  Bessemer  converter  in  the  basic  process  for  steel- 
making. 

Alumina  is  an  extremely  refractory  substance,  and  cannot  be  melted 
at  the  highest  temperature  obtainable  in  our  furnaces.  According  to 
Deville,  crucible  may  be  made  of  a  mixture  of  hydrated  or  gelatinous 
alamina  with  a  proper  proportion  of  alumina  which  has  been  previously 
strongly  heated.  With  two  parts  of  gelatinous  alumina,  two  of  strongly 
heated  alumina,  and  one  of  caustic  lime,  crucibles  may  be  prepared  which 
only  soften  slightly  at  the  temperature  of  fused  platinum.  The  mineral 
known  as  bauxite,  which  is  essentially  a  hydrated  silicate  of  aluminium, 
has  sometimes  been  employed  as  a  lining  for  furnaces. 

Sesquioxide  of  chromium,  CrjOs,  and  chrome  iron  ore,  FeCrjO^,  are 
among  the  most  refractory  substances  known.  The  former  has  been 
used  as  a  bed  or  crucible  for  melting  platinum  in,  while  the  latter 
has  been  applied  in  Russia  as  a  lining  for  kilns  for  calcining  dolo- 
mite, and  for  preventing  contact  between  the  siliceous  brickwork  and 
the  hearth-lining  in  the  basic  open-hearth  steel  process,  subsequently 
described. 

Fire-Brigks. — The  qualities  required  of  fir^-bricks  differ  in  accord- 
ance with  the  purposes  to  which  they  are  to  be  applied.  Sometimes  it  is 
important  that  they  should  not  become  softened  in  any  sensible  degree  by 
continued  exposure  to  very  great  heat.  In  other  cases  it  is  necessary 
that  they  should  withstand  great  and  sudden  changes  of  temperature.  It 
is  often  essential  that  they  should  be  capable  of  withstanding  consider- 
able pressure  when  strongly  heated,  and  their  capability  of  resisting 
the  corrosive  action  of  metallic  oxides  is  also  a  consideration  of  im- 
portance. 

It  is  seldom  possible  to  produce  a  fire-brick  capable  of  fulfilling  all 
these  conditions  from  clay  alone,  and,  consequently,  such  additions  of 
other  materials  are  made  as  will  afford  bricks  suited  for  the  particular 
purpose  for  which  they  are  required.  Many  varieties  of  clay  which 
possess  the  requisite  degree  of  inf  usibility  are,  when  subjected  to  a  rapid 
change  of  temperature,  liable  to  split,  from  the  expansion  or  contraction 
of  the  mass.  These  additions  consist  chiefly  of  pure  siliceous  sand,  and 
ground  and  previously  burnt  fire-clay,  which,  without  increasing  the  fiisi- 
bility  of  the  compound,  have  the  property  of  rendering  the  material  less 
liable  to  become  disintegrated  through  the  rapid  application  of  heat  or  a 
sudden  reduction  of  temperature. 

The  manufacture  of  refractory  bricks  is  conducted  in  a  very  similar 
way  to  that  of  bricks  employed  for  building  purposes. 

The  fiie-clay,  after  being  for  some  time  exposed  to  the  air,  is  crushed 
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under  a  pair  of  heavy  edge-stones,  where  it  is  ground,  either  widi  or 
without  the  addition  of  silica,  or  of  previously  haked  clay  of  the  same 
description,  until  it  has  been  reduced  to  the  state  of  somewhat  coarse 
powder.  This  falls  through  a  hole  in  the  bed,  and  is  thence  mounted  by 
buckets  on  an  endless  chain  into  a  large  cylindrical  sieve,  by  which  it  is 
divided  into  two  classes.  The  coarser  fragments,  which  do  not  pass 
through  the  meshes,  are  returned  under  the  edge-runners,  to  be  again 
ground,  while  the  finer  particles,  which  have  passed  through  the  apertures, 
are  conducted  by  an  endless  belt  to  a  convenient  situt^tion,  where  they 
are  deposited  under  a  small  continuous  stream  of  water.  The  mixture  is 
aubsequently  incorporated  in  a  pug-mill,  and  moulded  into  bricks  in  the 
way  adopted  for  the  more  common  varieties  employed  for  building.  A 
man  and  a  boy  can  in  this  way,  with  a  hand-mould,  make  and  lay  oat  to 
dry,  1,500  bricks  as  a  day's  work.  When  sufficiently  dried,  tiiey  are 
baked  during  several  days  in  kilns  containing  ftom  15,000  to  20,000. 
A  ton  of  coal  is,  on  an  average,  required  for  the  baking  of  every  3,000 
bricks,  which  are  all  placed  on  edge,  lengthways,  and  separated  from  one 
another  by  about  a  iinger's  breadth  in  order  to  allow  a  free  passage  between 
them  of  the  heated  gases  produced  by  the  combustion  of  the  fuel,  which 
is  consumed  at  the  extremity  of  the  pile  furthest  removed  from  the 
chimney. 

The  following  table  gives  the  composition  of  fire-bricks  from  various 
localities : — 


CoK  FoerrioN  of 

Fise-Bbioks. 

SiOs. 

1. 

a. 

8. 

4. 

B. 

6. 

68  09 

84  65 

88-48 

69-80 

75  36 

71-02 

Al^, 

2fi-09 

8-85 

6*90 

28-50 

21-47 

26-47 

GaO  . 

0*42 

1-90 

8-49 
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tmoe 

trmoe 

MgO 

0-66 

0-85 

trace 

... 
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0*44  . 

FeO. 
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tiBoe 

FesO, 

2-88 

4-25 

1-50 

2-00 

... 

0-80 

KiO. 

1-92 

... 

... 

...     i 

... 

(     0*50 
^      0-42 
(B.  trace 

NaaO 

0-31 

... 

... 

... 

1-88 

TiOa. 

2-21 

... 

... 

... 

... 

100  68 

100H)0 

100-23 

99-80 

lOOHM) 

99-65 

I,  Dowlais ;  by  E.  Riley.  2.  From  Windsor  clay ;  a  mixture  of  30 
per  cent,  of  clay  and  70  of  sand  ;  by  Richardson.  3.  From  Pembroke ; 
used  in  copper-works ;  by  Kapier.  4.  Creuzot,  France ;  used  for  blast- 
furnaces ;  by  Berthier.  5.  Lee  Moor,  Devonshire ;  by  AbeL  6.  From 
same  locality  ;  by  J.  A.  Phillips. 

The  following  analyses  of  an  ordinary  "  blue  fire-brick,"  from  Buck- 
ley, North  Wales,  were  made  in  the  author's  laboratory  by  Mr.  W.  T. 
Gent.    Sp.  -gr.  =  2-28  :— 
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9. 

SiO,       .       .       .       / 

72-45 

72-63 

FeO 

trace 

trace 

FeiO, 

4-69 

4-78 

Mll^4     . 

*S0 

85 

CaO 
MgO       . 

20-83 

-30 

trace 

20-70 

•2d 

tnoe 

KjO 

'61 

'63 

NaaO 

-62 

•67      . 
•16 

•IS 

9»'03 

100-11 

Hie  "silica  "  fire-bricks  of  South  Wales,  which  are  probably  the  most 
mfosible  bricks  employed  in  this  country,  consist  almost  entirely  of  silica^ 
and,  instead  of  being  chiefly  composed  of  fire-clay,  are  made  from  a  dis- 
integrated sandstone,  found  at  Diaas  and  various  other  places  in  the 
Vale  of  Neath. 

Two  specimens  of  "Dinas  clay,*  obtained  from  different  mines,  ana- 
Ijsed  by  Mr.  W.  Weston  in  Dr.  Percy's  laboratory,  afforded  the  following 
results:^  — 


SiO,        ..... 
A1,0,      .... 
FeO         ...        . 
CaO        ...        , 
K^  k  NaaO  .        .        . 
HaO,  combined 

1. 

2. 

d8-31 
072 
018 
0-22 
014 
085 

96-73 
1-39 
0-48 
019 
0-20 
0-50 

9992 

99-49 

Canister  is  a  siliceous  material,  somewhat  similar  in  composition  to 
Dinas  stone,  found  in  the  lower  Coal-measures  of  South  Yorkshire.  It 
is  to  some  extent  plastic  when  ground  and  tempered  with  water,  and  is 
largely  used  for  the  lining  of  Bessemer  converters  and  other  purposes  in 
the  Sheffield  steel-works. 

Cruciblbs. — Crucibles  are  commonly  manufactured  either  by  working 
the  prepared  clay  on  a  potter's  wheel,  similar  to  that  employed  in  making 
ordinary  pottery,  or  by  compressing  it  in  moulds,  which  thus  communi- 
cate to  the  mass  the  required  form.  Sometimes,  also,  although  more 
larely,  they  are  prepared  by  covering  with  clay  a  mandrel  made  either 
of  metal  or  of  hard  wood^  and  having  the  exact  form  and  dimensions  of 
the  internal  cavity  of  the  vessel  required.  Crucibles  should  be  capable 
of  resisting  sudden  changes  of  temperature  without  fracture.  They 
1  Perej'i  •  Metollui-gy ; '  Fuel,  p.  147. 
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should  also  be  nearly  infusible,  be  unacted  on  by  the  ashes  of  the  fuel 
by  which  they  may  be  surrounded,  and  Tnthstand  the  corrosiye  action 
and  permeation  of  such  substances  as  melted  lead  oxide.  It  wonld, 
however,  be  diflScult  to  prepare  crucibles  capable  of  fulfilling  all  these 
conditions,  and  it  is  consequently  found  better  to  select  the  mixture  in 
accordance  with  the  use  to  which  it  is  to  be  applied,  than  to  attempt  the 
manufacture  of  pots  applicable  to  every  purposie. 

When  it  is  desired  to  prepare  crucibles  capable  of  withstanding  sud- 
den changes  of  temperature,  the  prepared  clay  is  intimately  mixed  with 
various  infusible  bodies  which  impart  .to  the  mass  the  property  of  neither 
expanding  nor  contracting  in  a  sensible  degree  on  being  strongly  heated 
and  afterwards  ^pidly  cooled.  These  substances  generally  consist  of 
siliceous  sand,  ground  flints,  calcined  clay,  graphite,  or  powdered  coke. 

The  most  infusible  crucibles  are  prepared  from  clays  containing  -  th6 
largest  proportion  of  silica,  and  in  which  thie  amount  of  lime  and  oxide 
of  iron  is  small  The  infusibility  of  clay,  like  its  power  of  sustaining 
sudden  changes  of  temperature,  may  be  much  increased  by  a  judicious 
admixture  of  materials,  which,  forming  a  kind  of  infusible  ground-work, 
prevent  the  crucible  from  being  deformed  by  exposure  to  a  temperature 
by  which  it  would  otherwise  be  destroyed.  The  most  efficient  materials 
for  this  purpose  are  siliceous  sand,  graphite,  or  powdered  coke,  added  to 
the  clay  in  the  proportion  of  about  one-fifth ;  if,  in  the  case  of  the  two 
latter,  a  larger  amount  were  used,  although  the  infusibility  of  the  crucible 
might  be  increased,  the  carbonaceous  matter  would  be  liable  to  become 
consumed  and  the  crucible  gradually  destroyed. 

The  composition  of  several  varieties  of  manufactured  crucibles  has 
been  examined  by  Berthier,  some  of  whose  results  are  arranged  in  the 
following  table :— 


Placo  of  Hanufacturo. 

810,. 

A1,0.. 

Fc,0,. 

MgO. 

CruoibleB,  Hessian 

„          from  Paris 

„            „     Savignies,  near  Beauvais 

f,            „     England,  for  melting  steel     . 

,f           „     St.  Etienne,  for  do. 
Glass  Pots  „      Nemours        .... 

^            „     Bohemia         .... 

70-9 
64  6 
72-3 
710 
66-2 
67-4 
68-0 

24*8 
34-4 
19-6 
23  0 
26  0 
32-0 
29-0 

8-8 
10 
8-9 
4-0 
7-2 
0-8 
2:2 

oh 

In  order  that  an  eai-then  crucible  may  be  but  slighUy  attacked  by  the 
bodies  fused  in  it,  it  is  necessary  that  the  particles  of  which  it  is  com- 
posed should  be  finely  divided  and  closely  compressed,  and  also  that  the 
materials  of  which  it  is  made  should  not  readily  form  fusible  compounds 
with  the  substance  operated  upon. 

The  metals  and  their  ores,  with  the  exception  of  their  oxides,  gene- 
rally exert  little  action  on  crucibles  made  of  ordinary  fire-clay,  although 
galena,  together  with  certain  other  substances,  has  the  property  of  filter- 
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ing  tlurongh  the  pores  of  some  earthen  crucibles  without  exercising  on 
their  constituents  any  extensive  chemical  action.  The  degree  of  facility 
with  which  clay  pots  yield  to  the  action  of  metallic  oxides  is  usually 
tested  by  the  fusion  of  litharge,  which  is  maintained  in  the  fluid  state 
until  the  pot  becomes  pierced  by  its  corroding  action,  when  the  time 
necessary  to  produce  this  effect  is  noted  and  compared  with  similar  results 
obtained  with  other  crucibles.  Black-lead  crucibles,  and  those  in  which 
ground  coke  has  been  incorporated,  are  attacked  by  fusible  metallic 
oxides,  through  the  gradual  oxidation  of  the  carbon,  which  results  in  the 
reduction  of  a  portion  of  the  metal. 

The  degree  of  fusibility  of  crucibles  and  other  refractory  bodies  may 
be  ascertained  by  a  direct  experiment  conducted  in  the  following  man- 
ner : — A  piece  of  the  substance  to  be  examined,  which  for  this  purpose 
should  present  numerous  sharp  edges,  is  heated,  in  a  refractory  crucible, 
Hned  with  powdered  charcoal,  to  tiie  fullest  extent  possible  in  a  largo 
wind-furnace.  The  pot  and  its  contents  are  then  allowed  to  cool,  and  on 
afterwards  examining  the  contents,  it  will  be  observed  whether  the 
thin  edges  of  the  fragment  have  become  rounded  or  have  been  rendered 
traaslacent ;  in  which  case  it  affords  a  sufficient  indication  that  a  com- 
mencement of  fusion  has  taken  place. 

The  permeability  of  crucibles  by  liquids  may  be  determined  by  filling 
them  with  water,  and  noting  what  time  elapses  with  each  variety  before 
any  appearance  of  dampness  is  perceived  on  the  outside. 

For  the  purpose  of  ascertaining  their  power  of  resisting  sudden 
changes  of  temperature,  crucibles  may  be  thrown,  without  any  previous 
annealing,  into  an  intensely  heated  furnace,  and  afterwards  withdrawn 
and  at  once  exposed  to  a  current  of  cold  air. 

Crucibles  are  used  both  in  the  unbumt  and  burnt  state.  Small 
crucibles  are  usually  kiln-burnt  before  they  are  used,  but  the  large 
Stourbridge  clay  casting-pots,  which  are  extensively  employed  by  brass- 
founders,  are  never  previously  burnt.  They  are  first  gradually  and 
thoroughly  dried  by  the  maker  in  properly  constructed  stoves,  and  are 
afterwards  kept  for  use  by  the  founder  on  shelves  in  some  dry  and  warm 
situation  in  the  casting-shop.  A  fire  is  made  in  a  cold  furnace  and 
covered  to  a  depth  of  a  few  inches  with  coke,  broken  to  a  convenient 
size.  On  this  the  crucible  is  placed  in  an  inverted  position,  and  the 
furnace  filled  up  with  coke.  When  the  crucible  has  become  uniformly 
red  hot  it  is  withdrawn,  and  immediately  replaced  with  its  mouth  up- 
wards. It  is  a  somewhat  remarkable  fact  that  pots  of  this  description 
which  are  at  first  put  into  a  furnace  with  the  mouth  upwards  almost 
invariably  crack* 

Four  different  kinds  of  crucibles  are  used  by  assayers  in  this  country, 
viz.,  the  London,  the  Cornish,  the  Hessian,  and  the  French ;  of  these, 
the  two  former  are  most-extensively  employed. 

London  crucibles  are  of  a  reddish-brown  colour,  and  are  close  in  grain, 
but  are  liable  to  crack,  and  consequently  require  to  be  very  gradually 
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heated.  They  resist  the  eoirosive  action  of  fused  litharge  lemaikably 
well,  and,  wifli  careful  management^  are  very  serviceable  for  fusions  with 
oxide  of  lead.  The  Patent  Plumbago  Crucible  Company,  of  Batteisea, 
have  for  some  years  manufactured  crucibles  closely  resembling  in  appear- 
ance the  *'  creusets  de  Paris/'  but  they  are  considerably  thicker. 

Crucibles  are  manufactured  in  Cornwall  for  the  use  of  copper-assayers. 
They  are  uaually  made  round,  and  of  two  sizes,  one  of  which  fits  into 
the  other ;  those  of  the  laiger  size  are  3  inches  in  diameter  at  top,  and 
3^  inches  in  height,  outside  measure.  These  crucibles  are  not  capable  of 
withstanding  very  high  temperatures,  or  of  resisting,  for  any  considerable 
time,  the  action  of  melted  litharge.  They  can,  however,  be  introduced 
into  a  hot  furnace  without  cracking,  and  can  be  more  generally  employed 
for  assays  than  almost  any  other  description  of  crucible.  They  were 
formerly  made  by  Mitdbell  of  Tmro  and  by  Juleff  of  Bedruth,  and  those 
of  the  two  makers  were,  for  general  purposes,  almost  equally  good, 
althou^  Juleff's  crucibles,  which  were  made  of  a  mixture  of  Teign- 
mouth  and  Poole  clay  and  of  sand  from  St  Agnes  Beacon,  were  some- 
what less  rapidly  acted  on  by  fused  oxide  of  lead.  Mr.  Juleff  has 
transferred  his  business  to  the  Eattersea  Crucible  Company,  but  Mr. 
Mitchell  continues  to  make  pots  of  good  quality. 

The  shape  of  the  Cornish  pots  is  somewhat  inconvenient  from  their 
flatness  at  the  bottom^  but  in  all  cases  where  sudden  changes  of  tem- 
perature are  to  be  undergone,  they  are  to  be  preferred  to  every  other 
variety,  except  those  manufactured  by  Beaufay  of  Paris. 

Hessian  crucibles  are  sold  in  nests  of  six,  gradually  diminishing 
in  size  so  as  to  successively  fit  into  one  another.  They  are  made  of 
a  mixture  of  Almerode  clay  and  sand,  and  are  generally  triangular  at 
top,  so  that  their  contents  may  be  conveniently  poured  from  either  of 
the  comers.  They  withstand  a  toleiably  high  heat  without  softening, 
but  are  liable  to  be  cracked  by  sudden  changes  of  temperature,  and  are 
readily  permeated  by  fused  metallie  ozidea 

French  crucibles  are  circular  and  considerably  deeper  in  proportion 
to  their  width  than  the  Hessian,  They  are  also  made  of  more  finely 
ground  materials,  and  present  a  smooth  surface  both  inside  and  out 
Those  made  by  Beaufay  are  of  excellent  quality,  and  not  only  withstand 
a  high  temperature,  but  likewise  retain  melted  litharge  for  a  long  time 
without  becoming  pierced.  They  are,  however,  somewhat  brittle,  and 
require  that  the  tongs  used  for  withdrawing  them  from  the  fire  should 
not  grasp  them  too  roughly.  They  are  by  far  the  best  crucibles  for  assays 
of  gold  and  silver  ores,  in  making  which  large  quantities  of  litharge  are 
employed. 

Plumbago  er  black-lead  crucibles  are  more  frequently  employed  as 
melting-pots  for  the  fusion  of  metals  and  alloys  than  for  the  purposes  of 
assaying,  and  are  manufactured  of  good  qudity  by  the  Patent  Plum- 
bago Crucible  Company,  and  others 
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Icon,  as  produced  on  the  large  scale,  inyariably  contains  in  combination 
some  proportion  of  various  foreign  elements^  which,  although  small,  may 
have  a  Tery  marked  influence  upon  its  strength  and  working  qualities. . 
In  a  systematic  investigation  of  its  properties,  it  is  therefore  necessary  to 
obtain  the  metal  as  nearly  as  may  be  in  a  chemically  pure  condition,  for 
which  purpose  three  different  methods  are  adopted,  namely — 

1.  Fusion  of  wrou£^i-iron  with  iron  oxides. 

2.  Beduction  of  iron  oxides  by  hydrogen. 
K  Electrolysis  of  a  ferrous  salt 

1.  The  first  of  these  methods  is  applicable  to  the  purer  kinds  of 
wnmgiit-iron,  such  as  the  wire  used  for  pianos,  which  contains  only  a 
small  proportion  of  carbon.  This,  when  intimately  mixed  with  about  one- 
tenth  of  its  weight  of  iron  oxide  and  strongly  heated,  loses  its  carbon, 
which  is  oxidized  to  carbonic  oxide,  a  corresponding  amount  of  iron 
beii^  reduced.  The  best  way  of  obtaining  sufficient  contact  between 
metal  and  oxide  is  to  cut  the  wire  into  small  pieces,  and  to  partially 
oxidiie  it  by  heating  it  in  the  air,  or,  what  is  better,  exposing  it  to  a 
cumnt  of  steam  in  a  porcehiin  tube  at  a  red  heat.  The  superficially 
oxidized  metal  is  then  melted  in  a  clay  crucible  under  a  glass  flux  free 
from  heavy  metallic  oxides,  which  requires  about  an  hour  of  full  white 
heat  in  an  air-furnace.  Combined  carbon  and  silicon  are  removed  by  the 
oxygen  of  the  ferric  oxide,  and  the  excess  of  the  latter  fluxed  with 
silica  from  the  crucible  forms  a  slag,  while  the  metal  collects  as  a  well- 
melted  button  at  the  bottom  of  the  crucible. 

2.  Pure  ferric  oxide,  when  heated  to  redness  in  a  current  of  pure  dry 
hydrogen,  is  completely  reduced  with  an  equivalent  production  of  water, 
thus, — 

F6tOk+6H=2Fe+8HsO. 

The  metal  obtained  is  a  dull  dark-coloured  powder,  which  should  be 
uniformly  grey  if  the  reduction  is  complete,  otherwise*  it  is  black  from 
intennixed  magnetic  oxide.  For  complete  reduction,  steady  heating  and 
a  rapid  current  of  gas  to  remove  the  water-vapoiv  as  it  is  formed  are 
easenb'al.  This  is  the  most  exact  method  of  obtaining  iron  from  its 
compounds^  but  has  the  disadvantage  of  giving  a  form  of  metal  which 
is  finely  divided  and  extremely  susceptible  of  oxidation ;  especially  if 
produced  at  a  low  temperature,  when  it  is  pyrophoric,  and  bums  spon- 
taneously on  exposure  to  the  air  at  ordinary  atmospheric  temperatures. 
When  the  reduction  is  effected  at  a  strong  red  heat,  the  metal  is  less 
sQseeptible  of  oxidation.  Its  pyrophoric  tendency  is  also  enhanced  by  the 
presence  of  foreign  substances^  such  as  unredueed  iron  oxide,  alumina,  &c 

The  following  modification  of  the  hydrogen  method  of  reduction 
was  employed  by  Matthiessen.    Ferrous  and  sodium  sulphates  mixed  in 


r20  ELEMENTS   OF  METALLURGY. 

uearlj  equal  proportions  are  melted  in  a  platinum  crucible,  and  heated 
until  no  more  sulphur  dioxide  is  given  oS.  This  gives  a  crystalline 
ferric  oxide,  wjiich  can  be  more  easily  purified  from  adherent  foreign 
matters  than  the  hydrated  oxide  precipitated  from  solution  by  alkalies. 
The  sodium  salt  is  removed  by  long  and  careful  washing  with  boiling 
water,  which  is  continued  as  long  as  traces  of  sulphuric  acid  can  be 
found  in  the  washings.  The  oxide  is  then  reduced  by  hydrogen,  and 
the  reduced  metal,  when  cooled  and  solidified  by  compression  in  a  steel 
mould,  is  melted  in  a  lime  crucible  by  the  oxy-hydrogen  fiame.  Iron  so 
obtained  is  free  fsom  all  impurities  except  a  minute  trace  of  sulphun 

Iron  may  be  obtained  in  cubic  crystals  when  the  vapour  of  ferrous  or 
ferric  chloride  is  heated  in  hydrogen.  This  requires  a  very  high  tempera- 
ture, the  reduction  being  effected  in  a  porcelain  tube. 

3.  Iron  may  be  obtained  in  coherent  films  by  the  electrolysis  of  solu- 
tions containing  ferrous  and  magnesium  sulphates,  provided  that  they  be 
kept  neutral  by  the  addition  of  carbonate  of  magnesium.  The  deposit, 
at  first  brilliantly  metallic,  subsequently  becomes  velvety  in  lustre  and 
covered  with  gas-bubbles.  It  is  hard  (between  5  and  6  of  the  minera- 
logical  scale)  and  brittle,  but  when  heated  to  redness  in  vacuo  acquires 
softness  and  tenacity,  and  takes  a  darker  colour.  The  metal  obtained  by 
the  electrolysis  of  a  mixture  of  ferrous  chloride  with  sal-ammoniac  forms 
brittle  warty  masses,  which  are  hard  enough  to  scratch  glass.  This  hardness 
is  due  to  the  absorption  of  hydrogen,  which  is  given  off  when  the  metal 
is  heated  in  vacuo  to  the  extent  of  from  240  to  250  times  its  volume,  corre- 
sponding approximately  to  a  composition  of  Fe^H^  In  this  respect 
iron  resembles  palladium,  but,  unlike  the  latter  metal,  when  once  de- 
prived of  its  hydrogen  it  does  not  re-absorb  it  when  used  as  the  negative 
electrode  in  a  voltameter. 

According  to  Crookes,  metallic  magnesium  decomposes  a  solution  of  a 
ferrous  or  ferric  salt,  with  evolution  of  hydrogen  and  the  separation  of 
pulverulent  metallic  iron. .  The  metal  so  obtained  is  exceedingly  pure, 
dissolving  in  acids  without  residue,  and  evolving  hydrogen  free  from 
odour. 

Crtbtalline  Form. — Iron  crystallizes  in  the  cubic  system,  the  form 
most  generally  observed  being  cubes  or  octahedra,  the  latter  often  in  hollow- 
faced  or  skeleton  shapes,  and  grouped  into  tree-like  aggregates.  Solid 
masses  obtained  by  fusion,  that  have  not  been  subjected  to  hammering, 
when  polished  and  etched  show  a  granular  crystalline  surface,  often  with 
interlacing  plates,  forming  a  square  or  triangular  network  similar  to 
those  obtained  in  meteorites,  and  known  as  Widmannstatten's  figures. 

Specific  Gravity. — ^The  maximum  density  of  electrolytic  iron  appears 
to  be  about  7 '9.  Most  commercial  varieties  of  the  metal  are  considerably 
lighter,  or  from  7*5  to  7*7.  It  may  be  diminished  by  strains,  such  as  are 
developed  by  cold-rolling  or  wire-drawing ;  and  in  such  cases  the  higher, 
density  is  restored  by  annealing. 

Tenacity. — Iron  is  one  of  the  strongest  of  the  malleable  metals; 
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the  piltrest  commercial  kinds,  i,e,y  those  containing  least  carbon,  bear  a 
tensile  strain  of  14  tons  per  square  inch  without  permanent  elongation, 
and  break  at  a  strain  of  about  22|  tons.  The  strength  of  steel  in  the 
form  of  wire  of  0093  inch  section,  when  hard,  has  been  found  to  be  as 
much  as  154  tons  per  square  inch,  and  its  elastic  limit  53  tons  per 
square  inch. 

Thebhal  Belations. — Pure  iron  melts  at  a;  temperature  whicli  ^ 
been  estimated  at  about  1,500°  to  1,600"  C,  being  more  fusible  than  tbi/  , 
allied  metals  manganese,  cobalt,  and  chromium,  but  less  so  than  nn 
At  the  highest  artificial  temperatures,  such  as  those  of  the  electric  arc  is^'^^ 
the  Bessemer  process,  it  may  be  volatilized,  and  bums  with  the  produc-^ 
tion  of  a  dense  orange-red  smoke. 

Optical  CHABAcrrBBS. — When  polished,  iron  has  a  characteristic  dark 
grey  colour,  being  less  white  than  platinum,  and  not  so  blue  as  lead, 
with  a  perfect  metallic  lustra  When  obtained  in  very  thin  films  by 
electrolytic  deposit  on  platinized  glass  (from  x?ro;inny  ^  ^sjf^jnru  ^^  ^^ 
inch  thick),  such  as  have  been  used  by  Kundt  in  experiments  on  the 
electro-magnetic  rotation  of  the  plane  of  polarization,  it  transmits  a  pale 
yellowish  or  brownish  light. 

Elbotbigal  Brlatioks. — ^The  electric  conductivity  of  soft  iron  is- 
about  16  per  cent,  of  that  of  copper  or  silver  at  ordinary  temperatures,: 
but  the  presence  of  even  minute  quantities  of  foreign  matters  lowers 
it  very  considerably,  manganese  being  the  most  active  in  this  respect. 
According  to  Preece,  wires  of  equal  resistance  (one  ohm)  made  of  99*7 
and  99-11  per  cent  iron,  weigh  respectively  4,500  lbs.  and  5,974  lbs. 
per  mile,  whence  it  appears  that  diminishing  the  iron  by  yj^th  increases 
the  resistance  by  one-third.  The  conductivity  is  also  diminished  by 
hard-drawing  and  increased  by  annealing. 

Soft  iron  becomes  magnetic  when  brought  into  contact  with,  or  into 
the  field  of,  a  permanent  or  electro-magnet,  but  such  magnetism  is  only 
temporary.  The  harder  varieties  containing  carbon,  though  of  lower 
magnetic  capacity,  become  permanently  magnetized  in  virtue  of  a  pro* 
perty  known  as  coercive  force,  which  is  most  developed  in  the  very 
bard  alloy  containing  tungsten  known  as  tungsten  steeL  Manganese 
diminishes  the  magnetic  capacity  of  iron  very  rapidly ;  the  alloy  with  25 
per  cent  of  manganese  is  not  attracted  by  the  magnet 

The  following  determinations  of  the  magnetic  capacity  of  different 
kindis  of  iron  have  been  made  with  Professor  Hughes*  induction 
balance: — 


Electro-Magnetic 

Besidual 

Capacity. 

Magnetism. 

Hadfield'8  manganese  steel 

2 

0 

Cast-iron,  hardened 

160 

10 

292 

47 

Cast-iron,  annealed 

406 

42 

Hnntsmau's  cast-steel,  annealed 

460 

45 

472 

40 

Charcoal  iron                     „     . 

677 

11 

Best  charcoal  iron              ,,     .        .        . 

610 

5 

■''\ 
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Electro-deposited  iron  when  saturated  with  hydrogen  is  highly 
magnetic,  and  a  thin  strip  of  such  iron,  when  suspended,  comes  to  rest 
in  the  plane  of  the  magnetic  meridian,  like  a  compass  needle.  The 
transparent  films  previously  noticed  are  found  hy  Kundt  to  be  ex- 
tremely energetic  in  rotating  the  plane  of  a  polarized  ray,  the  rotatory 
power,  for  equal  thicknesses,  being  computed  to  be  34,000  times  that  of 
glass,  and  1,462  times  that  of  qu^z. 

BbiiAtion  op  Iron  to  Oxtgbn. — Pure  iron  may  be  preserved  inde^ 
finitely  without  alteration  in  diy  air  or  in  water  that  is  free  from  air 
and  carbon  dioxide,  at  ordinary  atmospheric  temperatures;  but  when 
heated  to  redness  in  air  or  oxygen,  it  bums  with  the  production  of  mag- 
netic oxide  (Fes04).  The  same  result  is  obtained  when  pyrophoric  iron 
ignites  spontaneously.  ^When  steam  is  passed  over  iron  at  a  red  heat,  it 
is  decomposed  with  the  evolution  of  hydrogen  and  a  similar  production 
of  magnetic  oxide.  This  reaction  goes  on  continuously  as  long  as  the 
hydrogen  is  removed,  but  if  it  is  allowed  to  accumulate  in  the  atmos- 
phere, the  decomposition  is  stopped  as  soon  as  a  particular  gas-tension, 
which  is  constant  for  any  given  temperature,  is  reached.  A  similar 
result  is  observed  in  the  inverse  operation  of-  the  reduction  of  magnetic 
oxide  by  hydrogen,  which  is  stopped  as  soon  as  the  water-vapour  has 
attained  a  particular  tension  in  the  hydrogen  atmosphere.  The  same 
class  of  phenomenais  observed  in  the  reduction  of  an  iron  oxide  by  car- 
bonic oxide,  and  has  an  important  bearing  upon  the  reduction  of  the  ore 
in  the  smelting  process. 

Iron  combines  with  oxygen  in  several  proportions,  but  of  these  only 
three  are  of  consequence  metallurgicaUy  considered,  namely,  protoxide 
or  ferrous  oxide,  peroxide  or  ferric  oxide,  and  their  compound  known 
as  magnetic  oxide  of  iron. 

Ferrous  Oxidb. — Ferrous  oxide  or  protoxide  of  iron  having  the  com- 
position FeO  is  known  only  in  combination.  It  may  be  obtained  as  a 
hydrate  (FeD'H^O)  by  the  addition  of  an  alkali  to  the  neutral  solution  of 
ft  ferrous  salt,  when  it  goes  down  as  a  white  precipitate,  which,  however, 
rapidly  changes  colour,  becoming  brown  by  the  absorption  of  oxygen 
from  the  air,  and  changing  to  a  hydrate  of  the  sesquioxide.  The  same 
instability  characterizes  all  the  salts  of  ferrous  oxide,  such  as  the  sulphate 
and  carbonate,  and  also  the  chloride,  all  of  which  pass  into  the  ferric 
state,  unless  protected  from  the  action  of  the  air. 

Ferric  Oxide. — Peroxide,  or  sesquioxide  of  iron  has  the  composition 
FejO,  (containing  iron  70,  oxygen  30  per  cent.),  and  occurs  in  nature  in 
several  states  of  aggregation,  which  are  distinguished  by  particular 
names,  as  described  under  "  Iron  Ores."  It  may  be  prepared  artificially 
by  exposing  metallic  iron,  at  or  near  red  heat^  to  the  continued  action  of 
air,  when  it  is  obtained  as  a  dense  red  powder,  varying  in  colour  from 
orange  red  to  purplish  red,  according  to  the  state  of  aggregation.  An- 
other and  more  general  method  of  preparing  it  is  by  the  calcination 
of  ferrous  sulphate,  FeS04,  which  is  decomposed  with  the  production 
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of  feme  ozide^  7e,0»  and  the  anbydious  sulphuric  acid,  S0»  The 
oxide  so  obtained  is  a  red  poirder  known  as  "  croons^''  which,  when  care- 
fnllj  levigated  in  water,  gives  ppwders  laigely  used  for  polishing  nndef 
the  name  of  "^  longe." 

When  steam  is  passed  over  ferric  chloride  (Fe^lc)  at  a  red  heat^ 
hydrochloric  acid  and  ferric  oxide  are  fonned.  The  latter  is  in  brilliant 
ayBtalline  scales  of  a  bluish  grey  eolonr  and  strong  metallic  lustre, 
exactly  similar  to  the  natural  mineral  known  as  oligsite.  Specular  iron 
oie  occurs  as  a  common  constituent  of  volcanic  rocks. 

Ferric  oxide,  however  prepared,  when  pulverized  gives  a  bright. red 
powder  of  about  s^  gr/5,  which  is»  under  ordinary  conditions,  stable  in 
the  air;  but  when  brought  to  a  high  temperature^  such  as  that  of  thtf 
oxy-hydrc^en  jet,  it  is  partially  decomposed  with  the  production  of  mag-* 
netic  oxide  (Fefi^.  It  is  soluble  in  oxygen  acids,  forming  salts  which 
have  a  tendency  to  desiccate  into  complex  basic  compounds^  and  are 
comparatively  unstabla  With  hydrochloric  add  it  gives  ferric  chloride 
(Fe^CIc),  which  is  very  soluble  in  water. 

When  the  solution  of  a  ferric  salt  is  treated  with  an  alkali,  a  chalky 
floccnlent  precipitate  of  a  yeUowi^  brown  colour  is  produced,  which  is 
a  hydrate  of  ferric  oxide  or  a  ferric  hydrate  (Fefit '  nHtO).  The  proper* 
tiou  of  water  varies  with  the  temperature  at  which  the  sepantion  takes 
place;  the  most  usual  variety  being  the  sesquihydrate  {2'Fefi^'SSLfi)j 
which  is  of  the  same  composition  as  the  natural  mineral,  brown  iron  ore, 
or  limonite.  By  long-continued  boiling  a  deeper  coloured  substance,  the 
mcnebydrate  (!Fe^-H,0),  is  obtained.  This  is  ol  the  same  composition 
as  the  natural  mineral  Gothita 

RuBT  OxiDis. — Metallic  ii«n  is  not  subject  to  change  at  ordinary  tem- 
peratures in  perfectly  pare  air,  or  in  water  free  from  air  and  carbon, 
dioxide;  but  when  exposed  either  to  moist  air  or  fully  aerated  water  it 
is  rapidly,  attacked  witii  the  formation  of  a  dull  brown  crust,  m<»e  or 
less  coherent,  of  so-called  rust,  which  is  essentially  a  hydrated  ferric  oxide. 
The  chauge  is  accompanied  with  the  decomposition  ol  water,  and  inci- 
dentally a  smaU  quantity  of  ammenia  is  formed  by  the  combination  of 
nascent  hydrogen  with  the  nitrogen  of  the  air;  and  is  absorbed  by  the 
nisi  The  film  of  olide  produced  being  stron^^y  electro-negative  to  the 
metal  bek>w,  a  voltaic  action  of  some  energy  is  set  up  under  the  influence 
ol  water  in  the  air,  and  ccotinues  until  the  metal  is  entirely  oxidized  or 
converted  into  rust.  .  This  change  is  accompanied  with  a  great  increase 
ol  volume^  the  bulk  of  the  rust  formed  being  about  ten  or  twelve  times 
that  €i  the  original  metal,  and  is  capable  of  producing  considerable 
mecli^misal  action,  bars  of  iron  being  often  burst  asunder  when  rust* 
iug  is  set  up  by  infiltration  of  water  thiough  surface  cracks. 

Maohjexio  Oxidk — When  metallic  iron  is  exposed  to  a  very  high 
tempetatuie  in  air  or  oxygien,  it  bums  with  the  production  of  bkck 
>nlt»n  globules  that  are  attractable  by  a  magnet,  having  a  composition . 
xspieifsited  by  JeJO^  or  ¥eOr¥%fi^  containing  iron  72*4,  oxygen  27*6  per. 
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cent  The  oxide  that  forms  on  the  surface  of  masses  of  wrought- Jon 
at  the  heat  of  working  in  the  forge  or  rolling-mill,  known  as  scale-oxide, 
is  of  a  similar  composition  as  a  whole.  The  calcination  of  ferrous  car- 
bonate also  gives  rise  to  magnetic  oxide,  the  expulsion  of  carbon  dioxide 
being  accompanied  by  the  absorption  of  oxygen,  owing  to  the  instability 
of  ferrous  oxide  in  the  free  state. 

Magnetic  oxide  is  one  of  the  most  stable  compounds  of  iron,  both  at 
high  temperatures  and  also  as  regards  resistance  to  atmospheric  alteration, 
both  of  which  properties  have  important  bearings  on  metallurgical  prac- 
tice. 

Iron  and  Sulphur. — When  finely  divided  iron  and  sulphur  are 
heated  together,  combination  takes  place  with  a  considerable  develop- 
ment of  heat;  the  product,  normal  ferrous  sulphide,  or  iron  monosul- 
phide,  FeS,  containing  iron  63*6,  sulphur  36*4  per  cent.  It  is  also  found 
when  hydrogen  sulphide  or  an  alkaline  sulphide  is  added  to  the  solution 
of  a  ferrous  salt  not  containing  free  acid.  The  sulphide  obtained  by  the 
first  method  is  fusible,  giving  a  dark-coloured  substance  of  a  semi- 
metallic  lustre  and  brassy  iridescence,  crystallizing  in  the  cubic  system, 
which  is  fairly  stable  at  high  temperatures  in  a  neutral  atmosphere,  but 
when  exposed  to  air  at  a  low  red  heat  (as  in  a  calcining  furnace),  is  con- 
verted into  sulphur  dioxide  and  ferric  oxide.  When  heated  to  redness 
in  steam,  magnetic  oxide  is  produced.  The  finely  divided  precipitated 
sulphide  is  also  very  unstable,  being  rapidly  changed  by  exposure  at 
ordinary  temperatures  to  ferrous  sulphata 

Iron  monosulphide  occurs  in.  nature  as  an  independent  mineral 
called  troilite,  which  is,  however,  extremely  rare,  being  confined  to 
meteorites ;  but  in  combination  with  the  similarly  constituted  sulphides 
of  other  metals  it  appears  in  numerous  species,  such  as  Eisennickelkies 
(2FeS-NiS),  copper  pyrites  (CuFe'Sj)  and  black  zinc  blende  (nZnS.FeS), 
while  similar  substances  are  commonly  formed  artificially  in  so-called 
matte  or  regulus. 

Finely  divided  or  spongy  iron,  obtained  by  reduction  in  hydrogen  or 
carbonic  oxide,  when  heated  in  furnace  gases  containing  sulphur  dioxide, 
decomposes  it,  taking  up  the  sulphur.  * 

Bisulphide  of  iron,  ferric  persulphide  (FeSj)  iron  46 '7,  sulphur  53*3  per 
cent,  is  the  most  important  natural  sulphide  of  iron.  It  occurs  in  two 
forms,  cubic  or  yellow  pyrites,  and  white  rhombic  pyrites  or  marcasite. 
Substances  of  similar  composition  may  be  prepared  artificially  by  heating 
the  lower  sulphide  in  ferric  oxide  with  hydrogen  sulphide,  alkaline 
bisulphides  or  sulphur,  at  a  carefully  regulated  heat  below  redness, 
and  above  100°  C.  But  these  methods  are  of  little  practical  interest  In 
nature  it  is  commonly  formed  by  the  reducing  action  of  decomposing 
organic  matters  upon  ferrous  sulphate,  and  of  organic  sulphur  compounds 
upon  ferric  hydrate.  The  crystallized  varieties  differ  considerably  in 
their  resistance  to  atmospheric  alteration,  the  yellow  or  cubic  forms^  when 
in  compact  masses  and  large  crystals,  may  be  kept  unchanged  for  long 
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periods,  but  when  finely  divided  and  exposed  todampy  })oth  compo* 
nents  are  oxidized,  with  tiie  production  of  hydiated  ferrous  sulphate, 
(FeS04. 7H,0),  and  sulphuric  acid.  This  is  the  action  known  as  vitr 
riolization,  which  is  one  of  the  most  important  agents  of  change  in  the 
vidnitj  of  mineral  deposits,  such  as  the  formation  of  ahim,  gypsum,  the 
various  sulphates  of  copper,  &c,  by  the  reaction  of  sulphates  and 
sulphuric  acid  upon  the  soluble  or  decomposable  constituents  of  th^ 
adjacent  rock. 

White  iron  pyrites  is  more  readily  vitriolized  than  the  cubic  varieties^ 
and  is  a  prominent  cause  of  the  spontaneous  ignition  in  coals,  which 
often  contain  it  in  a  finely  divided  state. 

The  ultimate  product  of  the  atmospheric  alteration  of  pyrites  is  ferric 
hydrate  (limonite  or  brown  iron),  a  change  which  is  illustrated  on  the 
largest  possible  scale  in  various  mineral  districts.  The  sulphur  in  such  cases 
is  probably  removed  as  a  soluble  sulphate  of  some  other  metal,  as  the 
whole  of  the  iron  of  the  original  pyrites  may  be  found  in  the  ferric 
hydrate  produced. 

When  iron  pyrites  is  heated  to  redness  in  closed  vessels,  the  whole  or 
a  portion  of  the  second  atom  of  the  sulphur  may  be  volatilized  and  sub- 
hmed  as  such,  leaving  a  residue  of  ferrous  sulphide  or  of  magnetic  sul- 
phides ;  but  when  the  heating  takes  place  with  access  of  air,  it  bums 
with  the  ultimate  production  of  sulphur  dioxide  and  ferric  oxide.  This 
property  is  taken  advantage  of  in  the  use  of  pyrites  for  making  sul- 
phuric acid,  the  residue  forming  a  coherent  mass  of  the  same  shape  as 
the  original  pyrites.  In  order  to  obtain  complete  desulphurization  it  is 
necessary  to  prevent  fusion,  in  which  case  ferrous  or  magnetic  sulphides 
would  result. 

When  pyrites  is  finely  interspersed  through  ferrous  carbonate,  it  is 
mainly  converted  by  calcination  into  ferrous  sulphate,  which  can  only  be 
removed  from  the  ore  by  long-continued  exposure  to  the  air,  by  solution 
in  rain,  or  by  artificial  watering. 

Sulphide  of  iron  also  occurs  in  nature  under  the  name  of  pyrrho- 
tine  or  magnetic  pyrites.  It  crystallizes  in  hexagonal  forms,  is  slightly 
magnetic,  and  is  chiefly  valuable  for  containing  nickel  and  cobalt  in 
Sweden,  and  gold  in  Brazil  and  some  other  countriea 

Iron  and  Carbon. — When  ferric  oxide  is  heated  to  redness  in  a 
current  of  carbon  dioxide  or  any  hydrocarbon  gas,  such  as  olefiant  gas^ 
CjHi,  marsh  gas,  CH4,  or  the  vapour  of  benzole,  paraffin,  or  analogous 
substances,  it  is  reduced  in  the  same  way  as  by  hydrogen,  but  with  this 
difference,  that  carbon  is  invariably  separated  and  taken  up  by  the 
metal  This  may  be  rendered  apparent  by  dissolving  the  reduced  metal 
in  dilute  sulphuric  acid,  when  the  hydrogen  given  off  has  a  fetid  smell 
lesembUng  that  of  crude  petroleum,  which  is  not  the  case  when  the 
reduction  has  been  effected  by  hydrogen.  The  same  result  is  obtained 
when  pure  iron  is  heated  with  carbon  in  any  form,  whether  as  charcoal, 
graphite,  or  diamond,  the  ampunt  taken  up  depending  chiefly  upon  the 
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temperature  at  which  the  operation  is  performed  and  its  diinticm ;  th^ 
maximum  being  for  theoretically  pare  metal  about  4  per  eent  This 
change,  knoim  as  carburization,  is  the  most  important  fact  in  determin- 
ing the  nature  and  properties  of  commercial  iron,  which  are  mainly 
classified  by  their  proportion  of  contained  carbon.     Thus — 

1.  Malleable  or  wrought  iron  contains  less  than  0*2  per  cent,  of 
carbon,  is  infusible  except  in  special  furnaces,  gives  unsound  castings, 
and  cannot  be  tempered  or  hardened  by  quenching  in  water  from  a  red 
lieat ;  but  can  be  welded  and  genezally  wrought  under  the  hammer,  being 
eminently  malleable  and  ductila 

2.  Steel  includes  all  kinds  of  iron  containing  not  more  than  1  "75  per 
cent  of  carbon.  These  yary  considerably  in  fusibility,  hardness,  suscep- 
tibility to  tempering,  and  malleability,  the  first  two  properties  being 
increased  by  increase  of  carbon,  while  the  others  are  diminished. 

The  limit  of  about  0*4  or  0*5  per  cent  may  be  taken  as  that  of 
ordinary  malleable  steel,  above  which  lie  the  more  special  qualities  of 
tool  and  cutlery  steel,  which  are  chiefly  valuable  for  their  hardness.  A 
metal  with  about  2  per  cent^  which  cannot  be  foiged  but  is  slightly 
malleable  in  the  sense  of  bearing  a  slight  hammering  without  breaking,  is 
used  for  draw-plates. 

3.  Cast-iron  includes  all  metal  with  more  than  2  per  cent  of  carbon 
up  to  a  maximum  of  about  4  per  cent.  This,  as  the  name  implies,  finds 
its  most  important  application  in  the  production  of  articles  cast  to 
patterns  in  moulds. 

Condition  of  Carbon  in  Iron. — Carbon  may  exist  in  cast-iron  and 
steel,  either  in  chemical  combinationor  interspersed  through  the  mass  of  the 
metal  in  the  crystalline  form  of  ^phite.  When  it  is  in  the  former  con- 
dition, the  metal  is  hard,  somewhat  largely ciystalline,  uniform  incharacter, 
and  silvery  white  in  colour — this  is  known  as  white-iron;  when  it  is  in  th6 
latter  the  structure  is  not  uniform,  the  brilliant  particles  of  metal  being 
mixed  with  dark  scales  of  graphite,  giving  a  general  grey  tint,  the  depth 
of  which  increases  with  the  proportion  of  the  carbon  so  separated — this  is 
known  as  grey-iron.  When  white  cast-iron  is  dissolved  in  dilute  sulphuric 
acid,  a  considerable  proportion  of  the  carbon  being  set  free  in  the  pre- 
sence of  nascent  hydrogen  combines  with  the  latter  gas,  forming  hydro- 
carbons, which  are  recognised  by  the  strong  smell,  or  even,  in  some  cases, 
may  be  obtained  as  condensable  oils.  Grey-iron,  on  the  other  hand, 
dissolves  up,  leaving  the  bulk  of  its  carbon  behind  in  the  form  of  graphitic 
scales,  which  are  not  affected  by  acids.  If,  however,  white-iron  is 
brought  into  solution  without  the  decomposition  of  water,  as,  for  instance, 
by  cupric  chloride,  which  is  decomposed  with  the  production  of  ferrous 
chloride  and  metallic  copper,  the  carbon  separates  as  an  amorphous 
sooty  powder,  while  the  gmphite  remains  with  its  characteristic  crystalline 
character.  This  method  is  oif  wide  application  in  the  analysis  of  iron  and 
eteel.  Apart  from  the  influence  of  other  elements  which  will  be  sub- 
sequently considered,  the  condition  of  carbon  in  cast-iron  is  largely 
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detenmined  by  the  method  adopted  in  casting ;  the  same  metal  which  is 
grey  when  cast  in  sand  moulds  and  slowly  cooled,  will  be  white  when 
cast  in  thick  iron  moulds,  which  allow  of  zapid  cooling,  or,  as  it  is  tenned, 
chilling.  In  the  first  case  the  carbon  is  graphitic,  while  in  the  latter  it  is 
in  the  combined  condition. 

In  those  varieties  of  iron  that  contain  less  carbon  than  cast-iron  the 
same  general  principle  holds.  Thus  steel  when  hardened  by  quenching 
in  water  from  a  red  heat  dissolves  without  residue,  but  when  brought 
back  to  the  soft  state  by  annealing,  a  flocculent  residue  is  obtained.  This 
consists  mainly  of  carbon,  but  not  entirely,  as  it  contains  some  iron, 
corresponding  approximately  to  the  composition  Fe4G,  and  is  known  as 
tend-combined  or  hardening  carbon. 

Ibok  and  Siucon. — When  ferric  oxide  intimately  miixed  with 
finely  divided  quartz  or  sand  and  charcoal  is  in  a  crucible  exposed  to 
the  highest  attainable  temperature  of  an  air-furnace,  the  metal  obtained 
contains  both  carbon  and  silicon,  and  the  proportion  of  the.  latter  may, 
under  favourable  conditions,  amount  to  20  per  cent.  Unlike  carbon, 
howeTor,  silicon  appears  to  be  unable  to  exist  in  the  pure  or  graphitic 
state,  being  invariably  in  combination.  These  compounds,  which  re- 
seinUe  cast-iron,  but  are  harder  and  more  brilliant^  were  formeriy  curio- 
sities, but  are  now  made  for  special  purposes  of  steel  manufacture  under 
the  name  of  sUicite  or  ferro-silicon.  The  latter  name  is  not  strictly  cor- 
rect, as  will  be  subsequently  shown,  manganese  being  invariably  present 
in  considerable  quantity  as  well  as  iron. 

Silicon  is  also  a  common  constituent  of  ordinary  cast-iron  up  to  1  '5 
or  2  per  cent,  in  those  varieties  used  by  the  iron-founder;  the  proportion 
being  largest  in  the  darker  coloured  varieties.  The  large-grained,  dark 
grey  metal  used  in  the  Bessemer  process,  as  originally  constituted,  con- 
tains about  2^  per  cent.  When  containing  5  to  7  per  cent,  the  metal 
is  known  as  glazy-  or  glazed-iron,  .  This  is  only  an  accidental  product, 
and  has  no  direct  use.  Mottled-  and  white-irons,  such  as  are  used  for 
conversion  into  malleable  iron,  contain  less  silicon,  and  should,  if  pos- 
sible, be  entirely  free  from  it,  although  this  latter  condition  can  only  be 
attained  by  certain  special  methods  of  manufacture. 

The  compounds  of  silicon  and  iron,  although  'stable  at  high  tem- 
peratures when  melted  in  a  reducing  atmosphere,  are  easily  decomposed 
when  heated  in  an  oxidizing  atmosphere,  both  iron  and  silicon  being 
oxidizedj  with  the  formation  of  normal  or  dibasic  ferrous  silicate, 
Fe^SiOi.  This  substance,  which  crystallizes  in  iotms  analogous  and 
almost  identical  with  those  of  the  mineral  olivine,  a  similarly  constituted 
fenous  magnesium  silicate,  may  be  easily  formed  by  melting  quartz,  sand, 
and  ferric  oxide  mixed  in  the  proper  proportions  in  &h  iron  crucible  with 
sufficient  carbon  to  reduce  the  latter  to  ferrous  oxide  at  a  strong  red 
heat.  The  product^  which  runs  very  liquid,  is  a  nearly  black  "crystal- 
line regulus  with  a  semi- metallic  lustre,  which  in  the  thinner  plates  is 
splpiHimes  of  an  olive-green  tint.     It  is  usually  opaque  and  somewhat 
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magnetic,  which  is,  however,  due  to  the  inclusion  of  magnetic  oxide  of 
iron.  The  slags  of  all  processes  of  iron-smelting  in  which  oxidation  is 
involved,  such  as  the  direct  production  of  the  malleable  metal  from  the 
ore  and  the  fining  or  conversion  of  cast-iron  into  malleable  iron,  consist 
wholly  or  in  part  of  ferrous  silicates,  and  as  their  production  involves 
the  formation  of  two  molecules  of  ferrous  oxide  for  each  molecule  of 
silica,  or  for  every  unit  of  silicon  3^  times  its  weight  of  iron  is  scorified 
and  rendered  useless,  it  will  be  easily  seen  tha£  the  exclusion  of  silicon 
as  much  as  possible  from  all  metal  destined  for  forge  purposes  is  essential 
to  economic  working.  It  is  diiferent,  however,  with  foundry  and  steel- 
making  metal,  where,  as  will  be  subsequently  shown,  silicon  has  valuable 
properties.  Ferrous  silicate  may  be  partially  reducecf  by  heating  with 
carbon,  when  two-thirds  of  the  metal  are  separated,  the  remainder  form- 
ing a  silicate  of  the  constitution  FeaSijOg  (diferrous  trisilicate) ;  but  by 
the  substitution  of  another  base,  such  as  lime,  complete  reduction  may 
.be  effected.  This  latter  condition  is  utilized  in  the  treatment  of  the 
large  quantities  of  slag  or  cinder  produced  in  puddling-  and  re-heating  fur- 
naces, which  contain  more  than  half  their  weight  of  iron,  and  are  largely 
used  in  admixture  with  ores  in  the  blast-furnace.  Pig  metal  so  produced 
is  known  as  cindet'-jptgy  in  contradistinction  to  that  smelted  from  freshly 
mined  ores,  or  mine-pig. 

When  ferrous  silicate  is  heated  in  air  at  a  temperature  belo^tr  ite 
melting-point,  it  is  wholly  or  partially  changed  by  oxidation  into  a  mix- 
ture of  ferric  oxide  and  silica,  which  substances,  being  chemically  indif- 
ferent, form  a  material  which  is  exceedingly  refractory,  so  long  as  it  is 
not  subjected  to  the  action  of  reducing  gases.  This  property  has  been 
utilized  for  the  production  of  a  material  for  puddling-fumace  bottoms, 
which  is  obtained  by  calcining  tap-cinder  broken  into  lumps  in  kilns, 
when  a  certain  proportion  liquates  out  as  a  fusible  slag,  leaving  a 
refractory  residue  known  as  bull-dog. 

Iron  and  Phosphorus. — These  elements  enter  very  readily  into 
combination,  forming  several  compounds.  Among  the  best-defined  are 
the  following : — 

Fhoephorafi.  Iron.  Bp.  Gr. 

FesPa     .        .        .        .     67-63  4247  6*04 

FejP      .         .        .         .42-47  67-53  6-21 

FciP      •        .        .        .     21-68  78-32  674 

The  first  of  these  is  formed  by  heating  iron,  reduced  by  hydrogen,  in 
phosphorus  vapour,  and  the  last,  which  is  the  most  stable,  by  partially 
reducing  ferrous  phosphate  with  carbon,  under  a  covering  of  salt^  in  a 
crucible  at  a  strong  heat.  The  amount  of  carbon  must  be  so  propor- 
tioned as  to  prevent  the  separation  of  metallic  iron.  The  phosphates  <^ 
earthy  bases,  when  heated  in  contact  with  an  oxide  of  iron  and  carboy  also 
give  rise  to  iron  phosphides,  which  are  diffused  through  the  mass  of 
the  reduced  iron.  This  condition  obtains  in  iron-smelting;  practi- 
cally the  whole  of  the  phosphorus,  contained  in  the  ore,  flux,  and  fuel 
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passing  into  the  reduced  metaL  Phosphorus  so  comhined  is  exceed- 
ingly stable,  and  can  only  be  completely  removed  from  malleable  iron  or 
steel  by  special  methods,  inyolving  the  use  of  high  temperatures  and 
large  quantities  of  fluxes. 

The  effect  of  phosphorus  upon  malleable  iron  is  essentially  one  of 
hardening,  raising  its  ultimate  tensile  strength,  but  diminishing  its  ex- 
tensibility or  working  property.  Up  to  about  03  per  cent.,  the  working 
quality  of  the  metal  is  not  affected,  but  beyond  that  limit  cold-shortness, 
or  a  tendency  to  break  when  hammered  cold,  ia  set  up.  This  is  very 
marked  with  0*8  per  cent.,  and  with  1*0  per  cent  the  metal  becomes 
brittle.  In  steel  the  injurious  effect  is  more  marked,  0*1  per  cent,  being 
about  the  permissible  limit.  Phosphorus  in  cast-iron  increases  the 
fluidity  of  the  metal,  and  for  this  reason  that  smelted  from  bog  ores  is> 
of  value  in  the  production  of  small  and  intricate  ornamental  castings, 
although  it  is  unfit  for  castings  requiring  great  strength. 

Iron  and  Nitrogen. — When  iron  wire  is  heated  for  several  hours  ia 
a  current  of  dry  gaseous  ammonia,  the  metal  becomes  somewhat  whiter 
in  colour  and  harder,  and  there  is  an  increase  in  weight  The  amount 
of  the  latter  change  is  variously  stated  by  different  observers  at  from  0*2 
to  12  or  13  per  cent,  and  appears  to  depend  upon  the  amount  of  surface 
exposed.  Nitrogen  has  aho  been  found  in  very  small  quantities  by 
Bonis  and  Boussingault  (0*005  to  ,0*1 24  per  cent)  in  commercial  iron  and 
steeL    Allen  has  also  demonaitmtQd  its  existence  in  ?teel  ingot& 

It  is  doubtful,  however,  whether  this  constituent  is  of  any  ijnportance> 
in  modifying  the  structural  pro()erti68  of  the  metaL  In  the  method  of 
steel-conversion  by  cementation,  the  presence  of  cyanides  has  a  marked 
effect  in  accelerating  the  procesa. 

Ibon  and  Manoanesb,  &c.-^From  the  metallurgical  point  of  view, 
these  metals  are  very  closely  connected ;  in  fact,  the  metallurgy  of  the 
latter  can  scarcely  be  said  to  exist  apart  from  that  of  iron.  Manganous 
oxide,  MnOy  ttidike  ferrous  oxide,  is  not  reduced  by  carbonic  oxide,  but 
requires  the  direct  contact  of  carbon;  i^either  is  it  possible  practically  to 
obtain  the  pure  metal,  the  simultaneous  reduction  of  iron,  with  which 
the  manganese  unites,  being  a  condition  for  obtaining  it  on  the  large  scale. 
Pig  metals  containing  manganese,  in  which  iron  predominates,  are  knowU; 
as  manganiferous  cast-iron  and  spi^eleisen ;  the  latter  name,  signifying 
looking-glass-iron,  refers  to  the  large  platy  structure  of  the  metal  when, 
broken.  Spiegeleisen  contains  more  combined  carbon  than  white  cast-> 
iron,  or  up  to  as  much  as  6  per  cent  The  maximum  amount  of  carbon, 
taken  up  by  manganese  is  said  to  b^  about  8  per  cent  The  most  man-^ 
ganiferous  varieties  are  known  as  ferro-mangane^e.  These  alloys  have  no. 
direct  use,  but  are  essentials  in  the  modem  ppictice  of  steel-making  on  t^e; 
luge  scale.  The  largely  platy  crystalline  structure  of  spiegeleisen  is  notr 
apparent  when  there  is  more  than.  25  to  30  per  cent  of  manganese  present, 

Manganese  may  exist  in  malleable  iron,  and  in  steel  in  small  propqrT 
tions,  up^to  0'4  or  0*5  per  c^^t,  without  altering  th^ir  propertie^y  except; 
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somewhat  increasing  both  tenacity  and  malleability.  About  1  '5  per  cent, 
gives  a  yery  hard  tool-steel,  when  the  carbon  is  similarly  increased. 
Latterly,  alloys  known  as  Hadfield's  manganese  steels,  with  from  7  to  30 
per  cent,  of  manganese,  have  been  made.  They  are  remarkable  for  com- 
bining extreme  hardness  and  toughness. 

Chromium  combines  with  iron  and  carbon,  forming  chromiferous  pig- 
irons,  somewhat  similar  in  appearance  to  those  containing  manganese. 
To  steel  it  communicates  great  hardness  without  diminishing  its  tough- 
ness. Tungsten  may  be  contained  in  steel  up  to  a  considerable  percentage, 
communicating  intense  hardness  and  great  coercive  force  for  magnetism ; 
it  is  doubtful,  however,  whether  there  is  any  true  combination. 

Copper  and  iron  do  not  form  any  true  alloy  except  in  the  presence 
of  a  third  metal ;  in  the  cupriferous  pig-iron,  occasionally  produced  in 
blast-furnaces,  the  copper  is  interspersed  through  the  mass,  preserving  its 
characteristic  colour.  To  malleable  iron  and  steel  copper  is  said  to  com- 
municate red-shortness,  although  this  is  not  now  generally  accepted,  the 
effect  being  attributed  to  the  concurrent  presence  of  sulphur.  Arsenic  and 
antimony  are  very  prejudicial  to  iron,  although  their  presence  can  only  be 
considered  as  exceptional     The  effect  is  similar  to  that  of  phosphorus. 

Titanium  may  be  present  in  pig-iron  to  the  extent  of  about  1  per 
cent  when  titaniferous  ores  form  part  of  the  smelting  charge ;  but  it  is 
not  known  to  exert  any  special  effect  upon  the  quality,  and  when  such 
metal  is  converted  into  malleable  iron  or  steel,  the  titanium  is  entirely 
eliminated. 

Vanadium  has  been  found  by  Biley  in  the  pig-iron  of  Wiltshire  and 
Northamptonshire  smelted  from  oolitic  brown  iron  ores,  and  the  same 
element  has  been  found  in  the  Cleveland  ores  and  in  pisolitic  ores  in 
Bavaria  and  Wiirtemberg.  A  minute  quantity  was  also  detected  by 
Sefstrom  in  bar-iron  made  from  the  magnetic  ore  of  Tabeig  in  Sweden, 
which  was  in  special  repute  for  wire-drawing ;  but  no  special  influence, 
beneficial  or  otherwise,  can  be  attributed  to  its  presence  in  the  present 
state  of  knowledge  of  this  subject 

Alloys  of  Iron. — ^The  combinations  of  iron  with  the  metals  proper 
are  very  few,  and  are  mostly  confined  to  those  nearest  to  it  in  chemical 
characteristics.  Zinc  takes  up  about  7  per  cent  of  iron  when  kept  melted 
for  a  long  time  in  iron  vessels,  a  condition  which  is  realized  in  the  process 
of  galvanizing.  The  hard  zinc  so  obtained  is  a  source  of  loss  in  the  pro- 
cess, as  it  has  only  received  certain  special  applications  in  working  bronzes 
or  compound  copper  alloys.  Tin  and  iron  alloy  freely,  but  their  compounds 
are  useless.  A  small  proportion  of  tin  acts  very  prejudicially  upon  mal- 
leable iron,  a  fact  which  interferes  with  the  use  of  tin-plate  waste  for 
re-manufacture  into  bar-iron.  Nickel  alloys  readily  with  iron  without 
affecting  its  malleability,  as  is  evidenced  by  the  native  irons  of  meteoric 
origin,  which  are  as  a  rule  nickeliferous.  Neither  lead  nor  silver  unite 
with  iron  when  melted,  a  property  which  is  largely  utilized  by  the  lead- 
smelter  and  refiner  ;^  gold  is  readily  taken  up  when  the  two  metals  are 
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melted  together.  Platinum  and  iron  alloys  occar  native,  and  are  easily 
formed,  combination  taking  place  at  temperatures  far  below  the  melting- 
point  of  either  metal.  This  fact  is  often  brought  into  disagreeable 
prominence  when  iron  compounds  are  excessively  heated  in  platinum 
cmcibles.  According  to  Faraday  and  Stodart,  1  per  cent,  of  platinum 
in  steel  gives  a  very  tough  and  fine-grained  product^  and  similar  results 
are  obtained  with  other  metals  of  the  platinum  group,  such  as  palladium, 
rhodimn,  osmium,  and  iridium 

Ibon  Ores. 

Iron  ore  is  most  abundantly  distributed  over  the  earth's  sur&ce,  both 
as  native  metal  and  as  a  component,  either  principal  or  subordinate,  in  a 
great  variety  of  complex  minerals.  For  metallurgical  purposes  the  latter, 
and  among  these  only  the  oxides  and  carbonates,  are  of  primary  import- 
ance. 

Native  Iron. — Solid  bodies  have  often  been  observed  to  fall  through 
the  atmosphere,  and  these,  when  picked  up,  are  found  in  many  cases  to 
consist  almost  entirely  of  metallic  iron.  Similar  but  much  larger  masses, 
which  are  presumably  of  similar  origin,  up  to  several  tons  in  weight, 
have  been  found  in  the  drier  regions  of  the  earth,  such  as  Mexico,  Peru, 
and  Central  Asia.  These  so-called  meteorites  are  essentially  iron  free  from 
carbon,  often,  containing  a  notable  proportion  of  nickel,  and  numerous 
compounds,  such  as  ferrous  sulphide  (troilite),  sulphide  of  chromium 
(daubr^lite),  calcium  sulphide  (oldhamite),  and  phosphide  of  iron  and 
nickel  (schreibersite),  which  are  not  known  as  terrestrial  minerals; 
besides  magnetic  pyrites,  chromic  iron,  magnetite,  pyroxene,  olivine,  and 
anorthite,  which  are  common  constituents  of  volcanic  rocks.  In  many 
meteorites  the  whole  mass  is  made  up  of  iron  in  a  compact  state,  which, 
when  polished  or  etched,  develops  the  structure  of  interlacing  plates 
known  as  Widmannstatten's  figures,  while  in  others  it  is  associated  with 
the  siliceous  minerals  above  named  in  various  proportions,  in  more  or  less 
connected  masses  or  diffused  in  grains.  The  latter  condition  is  reproduced 
in  certain  basalts,  such  as  those  of  Antrim,  which,  according  to  Andrews, 
contam  grains  of  metallic  iron,  as  do  also  some  of  the  lavas  of  Auvergne. 
The  surface  of  meteorites  is  often  covered  with  a  brilliant  siliceous  coat- 
ing resembling  a  black  varnish,  caused  by  superficial  fusion ;  the  mass 
becoming  intensely  heated  from  the  sudden  retardation  experienced  on 
entering  the  earth's  atmosphere.  Among  the  more  remarkable  masses  dL 
meteoric  iron  may  be  mentioned  that  of  1,600  lbs.  discovered  by  Pallas 
in  Siberia ;  one  in  Brazil  of  12,000  lbs. ;  one  found  in  the  Gran  Chaco  or 
interior  plain  of  South  America  of  16,000  lbs. ;  and  that  of  Durango  in 
Mexico,  weighing  about  20  tons.  Several  remarkable  masses  have  also 
been  found  at  Ovifak  in  Greenland,  the  largest  about  28  tons,  but  these 
are  now  supposed  to  be  of  terrestrial  origin  and  to  be  derived  fr(»n  a 
mass  of  basalt. 
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-  •  Metallic  iron  is  sometimes  found  when  coal  seams  haye  taken  fire  in 
the  vicinity  of  beds. of  iron  ore.  The  product  is  melted  into  globules  or 
buttons  with  a  granular  fracture  resembling  hard  cast-steeL  A  mass  of 
this  kind  was  found  some  years  since  in  Central  France,  where  a  coal 
seam  was  formerly  on  fire  for  some  time. 

The  following  analyses  give  the  composition  of  meteorites  from  three 
different  localities  : —  , 

Analyses  of  Meteorites. 


Fe       .....        . 

Ni        .        .        ... 

Co 

Mn 

Cu   } 

Sn  ;      ..... 

^  :   :    :    :    :    : 
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0145 
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0-482 
1-226 

83-02 

;  14-42 

0-50 

•06 
MgOO-24 

0-08 

P  0-19 

0-02 

SiOsO'84 

100  000 

99-223 

99-37 

1.  From  Siberia ;  by  Berzelius.  2.  From  Lenarto ;  by  W.  S.  Clarke. 
3.  From  Knoxville,  Tennessee  >  by  J.  L.  Smith. 

The  ores  of  iron  may  be  most  conveniently  considered  at  first  accord- 
ing to  their  mineral  classification,  with  their  composition  when  in  the 
pure  state ;  the  actual  composition  on  the  large  scale  being  subsequently 
given  when  describing  their  associations  and  distribution. 

Magnbtio  Iron  Orb. — Magnetite,  Fer  OxyduUj  MagneteisetL—'This 
crystallizes  in  the  cubic  system,  usually  in  octahedra  or  rhombic  dode- 
cahedra,  with  an  imperfect  octahedral  cleavage ;  but  granular  and  com- 
pact forms  are  more  general  than  crystals.  Colour  and  streak  iron-black ; 
sp.  gn  5-^-2;  hardness  5 '5-6 '5.  Characteristically  magnetic,  being 
jeasily  attracted  by  the  magnet,  and  sometimes  having  polarity;  also 
forms  natural  magnets  capable  of  supporting  considerable  weight,  but 
these  are  rare.  Composition  Fe^Os '  FeO,  or  FegOf,  corresponding  to  iron 
72-48  and  oxygen  27*52  per  cent 

Magnetite  is  most  abundant  in  the  older  crystalline  and  slaty  rocks, 
«uch  as  granite,  gneiss,  micar,  hornblende-,  and  chlorite-schist,  and  in 
crystalline  limestones.  Very  perfect  crystals  are  found  embedded  in 
chlorite-schist ;  they  are  also  common  in  the  form  of  interspersed  grains 
in  basalts  and  other  igneous  rocks. 

Franklinite. — Cubic,  crystallizing  in  forms  exactly  similar  to  those 
of  magnetite,  which  it  otherwise  resembles,  except^  that  it  is  less  de- 
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cidedlr magnetic ;  has  a  biowmsli  streak;  ep.  gr.  5*1.  In  composition  it 
is  essentially  a  magnetite,  containing  zinc  and  manganese  oxides  partly 
replacing  both  those  of  iron.  The  average  of  seyeral  analyses  by 
Rammelsberg  gives:  iron  45*16,  manganese  9*38,  zinc  20*30,  oxygen 
25*16  per  cent,  This  mineral  is  restricted  to  a  few  localities  near 
Franklin,  New  Jersey,  where  it  occurs  in  large  quantities,  associated 
vith  oxide  and  silicate  of  zinc,  in, a  large  deposit  in  metamorphic  lime- 
stone. The  mixed  minerals  are  first  treated  for  zinc,  and  the  residues 
as  manganiferous  iron  ore. 

HjBMATiTic — Specular  Iron  OrSy  Fer  Oligiste,  EUenglanz,  Rhombo- 
hedraL — Crystals  often  combinations  of  rhombohedra  and  scalenohedra, 
or  tabular  hexagonal  plates,  of  a  dark  steel-grey  colour  and  metallic 
lustre.  Opaque,  except  when  very  thin,  when  they  transnut  a  brownish 
red  light.  Streak  cherry-red.  Sp.  gr.  4*8  to  5*3.  Hardness  5*5-6*5. 
Composition,  Fe^O^,  corresponding  to  iron  70  and  oxygen  30  per  cent. 
In  addition  to  the  crystallized  forms,  there  are  numerous  other  kinds, 
distinguished  by  special  names.  The  most  important  of  these  is  red 
hematUe  proper,  kidney  are,  or  Bother  Olaskopf^  which  occurs  in  uniform 
masses,  showing  a  fibrous  radiated  structure  when  broken.  The  outside 
is  very  lustrous,  but  the  fracture  often  dull.  Eed  ochre  and  puddler'a 
ore  are  soft  earthy  varieties  of  a  bright  red  colour.  Micaceovs  iron  ore 
is  a  variety  in  thin  crystalline  scales,  very  slightly  coherent,  wliich  soil 
the  fingers  like  blacklead.  Oligide^  iron  glance^  and  specular  or  looking- 
glass  ore  are  the  hardest  crystalline  kinds ;  the  latter  is  found  in  Brazil, 
in  plates  several  inches  across. 

H»matite  is  found  both  in  crystalline  and  stratified  rocks,  in  the 
former  often  associated  with  magnetite.  The  best  crystallized  examples 
are  from  Elba,  Brazil,  and  St.  Qothard.  Kidney  ore  is  largely  developed 
in  irregular  deposits  in  the  Carboniferous  Limestone.  Very  briUiant 
ciystals  of  specular  iron  are  also  found  in  the  lavas  of  modem  volcanoes ; 
the  finest  examples  are  those  from  the  Island  of  Ascension.  The  softer 
varieties  are  sometimes  ground,  and  used  as  paint  for  covering  ironwork. 

Martitb  is  a  mineral  of  a  problematic  character,  having  the  octahedral 
form  of  magnetite,  and  the  composition  and  physical  characters  of  hnma- 
tite.  It  occurs  in  considerable  quantity  in  the  Marquette  district  of 
Lake  Superior,  and  also  in  Brazil  and  a  few  other  localities.  It  is  now 
generally  considered  to  be  a  pseudomorphous  variety  of  magnetite. 

Ilmsnitr. — Titani/erous  Iron  Ore,  Fer  TitanS,  Titaneisen,  Rhom- 
bohedraL — Crystals  almost  identical  in  form  and  dimensions  with  those 
of  hematite,  but  with  hemihedral  development  Generally  massive,  of 
a  dead  black  colour,  and  peculiar,  even,  non-granular  fracture.  Sp.  gr. 
4*5  to  5.  Hardness  5-6.  It  contains  ferric  oxide  and  titanium  dioxide 
in  varying  proportions,  ferrous  oxide,  and  invariably  some  magnesia. 
The  composition  varies  considerably.  Iron  from  37  to  68,  titanic  oxide 
17  to  58,  -magnesia  2  to  15  per  cent.  When  the  titanium  is  low,  it 
passes  into  a  titaniferous  magnetite  or  hsematite. 
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The  chaiacteristic  localities  of  ilmenite  are  in  the  older  locks  of 
Norway,  Canada,  and  the  Northern  United  Statea  It  is  also  found  in- 
terspersed in  igneous  rocks,  which,  by  their  waste,  produce  the  heavy 
black  sands  common  on  many  rivers  and  sea-beaches  in  different 
countries. 

TuEQiTB.  —  Hydro-hoBmatite^  TurgUite^  Turrit. — This,  the  lowest 
hydrate  of  ferric  oxide,  is  of  the  composition  2Fe,09.H,0,  corresponding 
to  ferric  oxide  94'7  (iron  66*3),  water  5*3  per  cent.  Specific  gravity 
3*74.    Hardness  5. 

It  resembles  massive  red  hsematite,  though  somewhat  greyer  or 
browner  in  colour,  having  a  fibrous  radiated  structure,  and  gives  a 
bright  red  streak.  Some  varieties  with  the  structure  of  hard  kidney 
haematite  decrepitate  violently  when  heated.  It  is  generally  included 
with  hamatite,  but  is  probably  common  as  an  independent  mineraL 
Much  of  the  soft  red  ore  of  Bilbao  appears  to  be  of  this  composition, 
and  it  is  also  found  in  Brazil,  the  Urals,  and  Connecticut. 

GoTHjTB. — Wood  Irofi  Ore,  Gmthite,  Nctddeisenerz. — Crystallizes  in 
rhombic  forms  analogous  to  those  of  the  similarly  constituted  minerals 
diaspore  and  manganite ;  they  are  very  brilliant,  in  various  shades  of 
reddish-brown  to  nearly  black.  These  crystals,  by  transmitted  light,  are 
brown  to  blood-red.  It  also  occurs  in  mammiUated,  radial,  fibrous  forms, 
like  those  of  red  hsematite,  but  brown  or  yellow  in  tint  (wood  iron  ore). 
Streak  brown  or  reddish  brown.  Specific  gravity  3*8-4*4.  Hardness 
5*5.  Composition  Fe^b,  •  HjO,  corresponding  to  ferric  oxide  90  (iron  63); 
water  10  per  cent.     The  darker-coloured  varieties  often  contain  man- 


Qothite  is  essentially  a  product  of  the  alteration  of  other  iron  ores, 
particularly  haematite  and  spathic  ores.  The  purest  crystallized  examples 
have  been  obtained  from  Hestormel  in  Cornwall,  Lake  Superior,  and 
the  Thuringian  mines. 

LiHONiTE. — Bog  Iron  Ore,  Brotcn  Hcematite,  Fer  Oxyde  HydrtUe, 
Brauimserutein,  Baseneisenerz, — The  above  are  some  of  the  names  applied 
to  the  most  abundant  and  least  exactly  defined  among  iron  ores — the 
ferric  hydrates  with  a  maximum  of  water.  In  the  richest  form  they 
approximate  to  the  composition  2Fe,0,*3n,0,  corresponding  to  ferric 
oxide  85*6  (iron  60),  and  water  14*4  per  cent.,  or  the  same  as  rust  oxide. 
But  generally  they  contain  other  bases,  and  sometimes  silica,  manganese 
oxides,  phosphoric,  sulphuric,  and  arsenic  acids,  and  in  bog  ores  organic 
matter ;  so  that  the  proportion  of  iron  is,  as  a  rule,  considerably  lower. 
The  colour  is  usually  some  kind  of  rusty  brown,  blacker  when  mangani- 
ferous,  and  the  streak  yellowish  brown. 

Being  a  product  of  the  alteration  of  other  minerals,  it  very  commonly 
assumes  their  forms,  notably  those  of  cubes  of  iron  pyrites  in  minertd 
veins,  and  of  oolitic  limestones  and  their  fossils  in  the  great  Jurassic 
iron  ore  deposits  of  England,  Luxembourg,  and  Lorraine.  Apart  from 
these,  the  most  common  mode  of  occurrence  is  in  stalactitic  or  slag-like 
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masses,  and  concretionary  forms,  often  hollow.  Bog  iron  ores  have  a 
peculiar  resinous  lustre.  Pisolitic  or  bean  ores  are  found  in  nodules, 
having  a  polished  surface  about  the  size  of  a  haricot  bean,  filling  pipes 
and  funnels  in  limestone  rocks.  The  lake  ores  of  Sweden  are  granular 
Hmonites  deposited  under  water,  which  contain  infusorial  remains  in 
considerable  quantity.  The  pigments  known  as  ochres  and  umbers  are 
Hmonites  of  an  almost  impalpable  texture,  containing  clay ;  which,  when 
calcined  at  graduated  temperatures,  produce  a  great  variety  of  yellow  and 
brown  colours.  In  this  country  limonite  is  usually  known  as  brown 
hnmatite^  or,  in  special  cases,  as  hydrate  of  iron.  The  more  general 
name  of  brown  iron  ore  would  in  most  cases  be  preferable.  German 
smelteis  call  argillaceous  or  earthy  haematite  Thoneisensteiny  which  is 
thus  different  in  meaning  from  its  literal  English  equivalent,  clay  iron- 
stone, a  term  restricted  to  the  nodular  carbonates  of  the  Coal-measures. 

SroEMTB. — Spathic  Iron  Ore,  Sphceroaiderite,  Fer  Spathique,  Spath- 
dsendein,  BhombohedraL  —  Crystals  principally  simple  rhombohedra, 
often  with  curved  faces,  also  hexagonal  flat  prisms.  In  large  deposits  in 
crystalline  aggregates,  varying  from  largely  plated  to  finely  granular  in 
texture ;  also  in  masses  without  apparent  crystalline  structure.  Under 
particular  conditions  it  may  be  nearly  white,  but  discolours  very  rapidly 
on  exposure ;  generally  fawn  colour,  changing  to  brown  or  nearly  black. 
Streak  colourless.  The  largely  crystalline  varieties  have  a  pearly  lustre ; 
the  finer-grained  and  compact  kinds  are  duller.  Specific  gravity  3*0  to 
3'85.  Hardness  3*5.  Composition  FeCOs,  corresponding  to  ferrous  oxide 
62  (iron  48-2),  and  carbon  dioxide  38  per  cent  This  represwits  the 
theoretical  composition,  which  is  not  realized  on  a  large  scale,  part  of 
the  ferrous  oxide  being  invariably  replaced  by  some  other  base,  such  as 
manganese  oxide,  lime,  or  magnesia.  The  manganiferous  varieties  are 
the  most  valuable,  but  are  liable  to  contain  sulphides  of  other  metals, 
such  as  copper  and  lead.  The  calcareous  and  magnesian  varieties  pass 
into  the  substances  known  as  brown -spar  and  dolomite  as  the  iron 
diminishes.  The  non-crystalline  varieties  are  day  ironstone  or  hall 
ironstone  (sphaerosiderite),  which  resembles  nodules  of  hardened  clay  or 
earthy  limestone,  and  is  found  in  the  shales  of  the  Coal-measures ;  day- 
hamd  ironstone,  of  similar  composition,  but  in  connected  beds  rather 
than  nodules,  and  blackhand  ironstone,  containing  carbonaceous  matter 
sufficient  for  calcination.  The  two  latter  varieties  are  found  in  the  Scotch 
coal-fields.  Spathic  ores  are  exceedingly  susceptible  of  change,  and  are 
often  altered  to  considerable  depths  intiO  brown  ores  (hydrated  peroxides), 
which  are  of  a  dark  colour  when  resulting  from  manganiferous  ores,  and 
stalactitic,  cellular,  or  spongy ;  the  change  being  attended  with  a  large 
increase  of  volume.  Such  ores  are  among  the  most  valuable  from  their 
easy  iwiuctibility. 

In  addition  to  the  native  minerals  or  ores  proper,  certain  ferruginous 
substances,  obtained  as  accessory  or  waste  products  in  other  metallurgical 
processes,  are  utilized  by  the  iron-smelter.     The  most  important  of  these 
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» 
are  purple  ore  or  Uue  hiUy,  certain  slags  known  as  tap-  and  fiue-cinders, 
and  the  scale  or  oxide  produced  in  forges  and  rolling-mills.  The  first  of 
these  is  the  residue  obtained  from  the  treatment  of  cupriferous  iron 
pyrites  by  the  method  of  wet  extraction,  and  consists  essentially  of  ferric 
oxide  in  a  nearly  pure  state,  the  principal  impurity  being  a  little  sulphur, 
mainly  as  sulphate  of  lead.  Considered  as  an  iron  ore,  it  is  exceedingly 
rich,  but  the  powdered  state  in  which  it  is  delivered  to  the  smelter 
somewhat  detracts  from  its  value.  It  is  chiefly  used  in  the  puddling 
process. 

Tap-  and  flue-cinders  are  essentially  ferrous  silicates,  the  former  pro- 
duced in  the  puddling  process,  and  the  latter  in  re-heating  and  welding- 
furnaces.  Roll-  and  hammer-scale  are  essentially  magnetic  oxides  of 
iron ;  they  are  chiefly  used  in  the  forges,  where  they  are  produced  in 
making  up  puddling-fumace  bottoms. 

Distribution  of  Iron  Ores. 

The  ores  of  iron,  the  composition  of  which  has  been  indicated  ia  the 
preceding  paragraphs,  are  on  the  large  scale  associated  with  foreign 
minerals,  which  often  materially  influence  their  commercial  value. 
Thus,  a  rich  ore  may  be  rendered  almost  valueless  by  the  admixture  of  a 
notable  quantity  of  calcium  phosphate  or  of  iron  pyrites,  while,  on  the 
other  hand,  a  few  units  of  manganese  in  a  spathic  ore,  or  of  coaly 
matter  in  an  argillaceous  carbonate,  though  diminishing  the  absolute 
contents  of  iron,  may  add  considerably  to  the  selling  price.  It  is  there- 
fore necessary  to  consider  these  associations  somewhat  in  detail,  by  having 
in  review  the  characteristics  of  the  principal  iron-producing  districts. 
Ores  of  iron  are  found  in  rocks  of  every  geological  period,  from  the 
Archaean  gneiss  and  granites,  forming  the  base  of  the  geological  series  in 
America,  to  the  newest  Post-tertiary,  forming  the  great  plains  of  both 
the  northern  and  western  continents ;  but  the  more  important  deposits 
may,  speaking  generally,  be  said  to  be  confined  to  a  few  principal  hori- 
zons, as  follows : — 

1.  Archaean  gneiss  and  schists.    Most  of  the  magnetites  and  schistose 

hfematites  of  North  America,  Brazil,  Scandinavia,  India,  and 
Eastern  Algeria. 

2.  Silurian  period.      The  oolitic  hnmatite  of  the  Clinton  series  in 

North  America  is  the  most  considerable  representative;    the 
magnetite  of  Utah,  and  spathic  ore  of  Styria  and  Garinthia. 

3.  Devonian  period.     Spathic  ores  of  the  Lahn  and  of  North  Devon:. 

Bed  hcematite  of  Nassau. 

4.  Carboniferous  period.     Bed  hsematites  of  the  Mountain  limestone 

in  Cumberland  and  Lancashire.    Clayband  and  blackband  iron- 
stones of  Coal-measures  in  Great  Britain  and  Westphalia. 

5.  Liassic  and  Oolitic  periods.     Oolitic  carbonates  of  Cleveland. 
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Oolitic  limonites  of  Northamptonshire,  Luxembourg,  &c.  Eed 
hematites  of  Southern  France  and  Western  Algeria. 

6.  Cretaceous  period.     Red  and  brown  ores  of  Biscay. 

7.  Tertiary  ^riod.     Aluminous  limonites  of  Southern  France  and 

of  Antrim. 

8.  Post-tertiary  period.     Lake  and  bog  ores  of  Sweden,  Finland, 

and  North  Germany.  Pisolitic  and  granular  ores  of  South 
Germany  and  Central  France.  Laterite  of  India  and  South 
America. 

Maonetio  Orbs. — ^These  ores,  which,  when  massive,  are  often  asso- 
ciated with  hsmatite,  are  to  a  great  extent  confined  to  the  older  crystal- 
line rocks  of  Scandinavia  and  North  America,  and  generally  occur  in 
iir^^olar  beds  in  homblendic  and  chloritic  schists,  in  crystalline  lime- 
stones, or  as  irregular  veins  and  masses  in  rocks  of  eruptive  origin.  In 
the  Laurentian  rocks  of  Canada  this  ore  is  abundantly  found  in  the  gneiss 
and  metamorphic  limestones  of  the  basin  of  tlie  Ottawa;  it  usually  occurs 
in  the  form  of  irregular  beds,  which,  although  not  of  any  great  lateral 
extent,  are  often  of  considerable  thickness.  Although  of  excellent 
quality,  they  have  not  been,  as  yet,  extensively  worked.  One  of  the 
largest  deposits  of  iron  ore  in  Europe  is  probably  that  of  Gellivara,  in 
Swedish  Lapland,  situated  about  ninety  miles  from  the  head  of  the  Gulf 
of  Bothnia.  According  to  the  description  of  Erdmann  and  others,  it 
forms  a  bold  hill  rising  out  of  swampy  ground,  and  consists  of  a  number 
of  parallel  bands  of  magnetic  and  specular  iron  ores  interlaminated  with 
homblendic  and  quartzose  rocks.  Some  of  these  beds  are  between  one 
hundred  and  two  hundred  feet  in  thickness,  and  may  be  traced  for  a  dis- 
tance of  nearly  seven  hundred  yards.  Calcium  phosphate  is  present  in 
some  of  the  beds,  while  others  are  apparently  free  from  this  impurity ; 
iron  pyrites  appears  to  be  almost  entirely  absent  The  ore,  on  an  average, 
contains  about  90  per  cent  of  magnetic  oxide  of  iron,  and  3^  per  cent  of 
silica.  In  some  of  the  bands  phosphoric  acid  is  present  to  the  extent  of 
nearly  2  per  cent ;  others,  on  the  contrary,  contain  only  traces  of  this 
suhstance.  These  ores  have  been  known  for  a  very  long  period,  but 
from  the  inaccessible  nature  of  the  country  in  which  they  occur,  little 
use  has  been  made  of  them ;  a  railway  to  these  mines  from  the  Atlantic 
coast  is  now,  however,  being  made. 

The  celebrated  mines  of  Dannemora,  in  Sweden,  are  situated  on  the 
lake  of  the  same  name,  about  thirty  miles  from  Upsala.  The  ore,  which 
is  a  fine-grained  magnetite,  occurs  in  an  irregular  belt  a  mile  and  a  half 
in  length,  and  is  specially  employed  for  the  manufacture  of  iron  of  the 
highest  class.  It  occurs  in  crystalline  limestone  and  felsite,  and  the 
workings  extend  to  a  depth  from  the  surface  of  more  than  a  hundred 
fathoms ;  the  annual  production  does  not^  however,  exceed  25,000  tons. 

The  following  analyses  show  the  composition  of  magnetic  iron  ores 
from  various  foreign  localities : — 
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No.  1,  from  Dannemora,  containing  minute  traces  of  iron  pyrites ;  by 
Ward.  Nos.  2  and  3,  from  Roslagen,  on  the  east  coast  of  Sweden,  north 
of  Stockhohn ;  by  Noad.  No.  4,  from  Mokta-el-Haddid,  Algeria,  con- 
taining both  magnetite  and  hsmatite. 

Deposits  of  magnetite  have  been  worked  for  several  centuries  in  the 
neighbourhood  of  Arendal,  in  Norway,  where  they  extend  in  a  line  nearly 
paraUel  with  the  coast  for  a  distance  of  about  thirteen  miles.  The  ore 
occurs  in  homblendic  and  micaceous  schists,  and  chiefly  consists  of 
magnetite  without  any  admixture  of  haamatite. 

On  Lake  Wetter,  deposits  of  magnetite,  in  the  form  of  strings  and 
masses,  are  found  in  the  Taberg,  disseminated  through  porphyritic  rocks. 
They  form  a  hill  of  more  than  350  feet  in  height,  and,  although  com- 
paratively  of  low  produce,  yielding  only  about  25  per  cent,  of  metal,  yet 
fuel  being  cheap  in  the  district,  they  are  worked  with  advantage.  The 
metal  produced  is  of  good  quality,  and  is  especially  adapted  for  wire- 
drawing. In  the  Ural,  magnetite  occurs  under  somewhat  similar  con- 
ditions to  those  which  characterise  the  deposits  in  the  vicinity  of  Lake 
Wetter.  At  NischnC'Tagilsk,  a  ridge  of  rock  300  fathoms  in  length, 
250  broad,  and  about  40  in  height,  is,  for  the  most  part^  made  up  of 
pure  magnetite. 

The  Cerro  Mercado,  near  Durango,  Mexico,  a  hill  300  feet  in  height, 
is  in.  great  part  composed  of  massive  magnetite  associated  with  specular 
iron  ore,  brown  hcematite,  quartz,  and  calcite.  Magnetic  ores  are  found 
in  large  quantities  in  the  Adirondack  and  other  mountain  regions  of 
Northern  New  York  and  in  the  adjacent  parts  of  New  Jersey.  Among 
the  more  important  of  these  deposits  are  tliose  of  Crown  Point  and  Lyons 
Mountain,  near  Lake  Champlain.  At  the  latter  place  a  bed-like  deposit 
about  16  feet  thick  has  been  worked  on  the  dip  for  several  hundlred  feet 
below  the  surface,  and  has  been  traced  for  about  two  miks  along  the 
course.     The  ore,  a  rich  magnetite  in  felspathic  gneiss,  is  not  so  free 
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from  pliosphorns'as  that  of  Sweden,  and  is  largely  used  in  the  direct  pro- 
duction of  malleable  iron  blooms  in  the  open  fira  The  Cornwall  ore- 
bmk  in  Eastern  Pennsylvania  consists  of  alternations  of  magnetite  with 
serpentine  and  chloritic  schista  The  ore  averages  50  per  cent.,  and  is 
free  from  phosphorua  The  out-pnt  is  the  largest  of  any  single  mine  in 
America.  I^rge  deposits  of  magnetite  have  been  described  by  Newberry 
in  Soathem  Utah,  in  shales  supposed  to  be  of  Lower  Silurian  age 
Magnetite  is  one  of  the  component  minerals  of  the  great  schistose  ore  d&> 
posit  of  Mokta-el-Haddid,  near  Bona,  in  Algeria,  which  has  for  many  years 
been  one  of  the  most  productive  mines  of  the  world,  but,  as  the  analysis 
shows,  the  bulk  of  the  ore  is  hiematite.  Magnetic  ores  of  high  quality 
oocnr  near  Salem  in  Madras,  and  were  formerly  smelted  to  some  small 
extent  for  export  There  are  also  important  masses  of  magnetic  and 
specular  orea  in  the  Chanda  district  in  the  Central  Provinces  of  India, 
irhich  both  in  composition  and  mode  of  occurrence  are  very  similar  to  the 
Algerian  ore& 

In  this  country  magnetic  iron  ores  are  of  comparatively  rare  occur- 
rence, but  near  Brent,  in  South  Devon,  magnetite  is  found  in  diorite, 
forming  a  deposit  of  about  a  foot  in  thickness ;  it  also  occurs  on  Dart- 
moor; at  Treskerby,  in  Cornwall,  it  is  found  in  a  vein  associated  with 
tin  ore. 

The  following  analyses  give  the  composition  of  three  specimens  of 
English  magnetic  iron  ore  : — 
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1.  From  Dartmoor,  Devonshire ;  analysed  by  Riley.  On  operating 
on  900  grains  of  the  mineral  a  solution  was  obtained  in  which  minute 
traces  of  biBmnth,  tin,  and  copper  were  detected.^  2  and  3,  from  Corn- 
wall; byDr.  Noad. 

1  Perej'i  *  Meiallmgy ;  Iron  and  Steel/  p.  224. 
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Many  crystalline  rocks  contain  magnetite  and  titaniferous  iron  ore 
interspersed  in  small  grains  and  crystals.  Such  rocks  when  disint^prated 
^ve  rise  to  the  black  sands  which  are  abundantly  found  in  alluvial  gold- 
diggings  and  elsewhere.  Along  the  sea-shore  of  countries  in  which 
crystalline  and  eruptive  rocks  abound,  streaks  of  black  sand,  washed  out 
by  the  action  of  the  waves,  are  frequently  found  in  sufficient  quantity  to 
admit  of  their  being  employed  as  an  ore  of  iron.  Among  these  localities 
may  be  mentioned  the  shores  of  the  Bay  of  Naples,  Taranaki,  in  New 
Zealand,  and  many  points  of  the  north-east  coast  of  British  America ; 
the  most  important  deposits  are  situated  along  the  north  shore  of  the  St 
Lawrence,  east  of  the  Moisie  River.  At  Moisie,  where  these  sands  form 
a  large  portion  of  the  beach,  after  the  prevalence  of  certain  winds,  belts 
of  nearly  pure  black  sands,  which  have  been  concentrated  by  the  action 
of  the  waves,  are  found  along  the  shore.  The  purer  and  thicker  layers 
are  separated  by  shovels  from  the  more  siliceous  portions,  and  are  after- 
wards further  concentrated  by  washing,  whereby  the  siliceous  matter  is 
reduced  to  an  average  of  about  5^  per  cent. 

When  thus  freed  from  the  minerals  with  which  they  are  associated 
these  black  sands  consist  of  nearly  equal  portions  of  magnetite  and  titani- 
ferous  iron ;  those  treated  at  the  Moisie  Iron- Works  have  been  examined 
by  Sterry  Hunt,  who  found  the  magnetic  portion  to  yield  66*73  per  cent 
of  metallic  iron  and  4*15  per  cent,  of  titanic  oxide.  The  non-magnetic 
portion  yielded  48*85  per  cent,  of  iron  and  28*95  per  cent  of  titanic 
oxide.  A  mixture  of  the  two,  as  found,  gave  55*23  per  cent,  of  iron 
and  16  per  cent,  of  titanic  oxide.  Similar  iron  sands  occur  at  several 
points  along  the  coast  of  Labrador,  where  they  are  associated  with  quartz, 
garnets,  and  felspar. 

On  account  of  their  fine  state  of  division,  iron  sands  have  not  been 
successfully  employed  for  the  production  of  cast-iron,  but  at  the  Moisie 
works  they  were  directly  converted  into  wrought -iron  in  a  bloomery- 
furnace,  with  satisfactory  results. 

Red  Iron  Ores. — These  are  frequently  associated  with  the  hydrated 
peroxide,  particularly  near  the  surface  of  deposits ;  where  hsematite  is 
found  in  the  newer  rocks,  the  whole  mass  is  often  more  or  less  mixed 
with  brown  iron  ores.  The  most  important  deposits  of  these  ores  are 
found  in  Cambrian,  Silurian,  Devonian,  and  Carboniferous  rocks.  At 
Dalkarlsberg,  near  Nora,  in  Sweden,  and  in  the  island  of  XJto,  specular 
haematite  occurs  with  magnetite.  In  Saxony  red  iron  ores  are  found  near 
Eibenstock  and  Schwarzenberg,  in  lodes  at  the  contact  of  mica-schist, 
altered  Silurian  rocks,  and  granite.  Some  of  these  lodes  are  as  much  as 
15  fathoms  in  width,  and  extend  for  a  distance  of  nearly  12  miles. 

The  iron  mines  of  Elba,  which  are  alike  celebrated  for  the  length  of 
time  they  have  been  worked  and  for  the  beauty  and  purity  of  their  ores, 
are,  for  the  most  part,  situated  near  the  eastern  extremity  of  the  island. 
At  Rio  Marina,  specular  and  massive  haematites  rest  upon  talcose  schists^ 
and  are  covered  by  crystalline  limestone.     At  Rio  Albano  and  Terra 
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]!^era  tlie  ore  occurs  in  lodes,  traversing  talcose  schists,  which  send  off 
branches  alternately  .coaledcing  into  beds,  some  of  which  are  100  feet  in 
thickness.  A  similar  ramifying  lode,  which  produces  both  haematite  and 
magnetite,  is  seen  in  a  limestone  cliff  at  Cape  Calamita;  These  ores  are 
now  considered  to  be  thermal-spring  deposits,  and  the  quantity  remain^ 
ing  is  estimaied  at  about  7,000,000  tons. 

Near  Marquette,  on  the  southern  shore,  of  Lake  Superior,  a  schistose 
variety  of  hsematite  }s  very  extensively  developed  in  Hurqniaii  rocks. 
The  average  breadth  of  this  iron  district  is  six.  miles,  and  it  extends 
westwards  from  the  lake  shore  for  about  -twenty  miles.  The  strata, 
which  are  much,  contorted^  are  chiefly  talcose  and  chloritic  schists,  passing 
upwards  into  parallel  laminae  of  red  jasper  and  haematite,  whose  united 
thickness  is  said  to  be  upwards  of  1,000  feet  Of  this,  a  large  propor- 
tion is  too  highly  siliceous  to  pay  for  working  j  but  distinct,  beds,  of  160 
feet  in  thickness  are  quarri<ed  at  the  if ackson  and  Superior  Mines.  These 
deposits  are,  in  addition  to  their  purity  and  great  extent^  remarkable 
for  containing  minute  crystals  of  martite.  The  same  ores  are  found  to 
extend  into  Wisconsin,  the  Menominee  region  on  Lake  Michigan  being 
now  nearly  equal  in  importance  to  Marquette. 

Two  celebrated  masses  of  haematite,  known  as  the  Iron  Mountain 
and  Pilot  Knob,  are  worked  near  St  Louis,  in  Missouri.  The  Ir9n 
Mountain  is  a  flattened  dome-shaped  elevation  about  200  feet  in  height, 
and  forms  the  western  extremity  of  a  ridge  of  reddish  porphyry,  which 
rises  considerably  above  the  iron  ore,  and  stretches  for  more  than  a  mile 
to  the  eastward.  The  surface  of  the  mountain  is  entirely  covered  with 
loose  pieces  of  ore,  which  become  more  and  more  conspicuous  towards 
the  summit.  Moss-grown  blocks,  some  of  which  are  many  tons  in  weight, 
cover  the  top,  and  are  pilod  together  in  the  greatest  confusion.  Pilot 
Knob  is  much  highet  thaii  the  Iron  Mountain,  its  height  above  its  base 
heing  estimated  at  650  feet;  it  is  mainly  composed  of  a  distinctly  bedded 
siliceous  rock.  For  the  first  two-thirds  of  the  distance  to  the  summit 
quartz  rock  predominates  ;  the  upper  portion  of  the  mountain  consists  of 
thick  beds  of  iron  ore  alternating  with  siliceous  rocks.  The  richest  ores 
exhibit  a  distinctly  slaty  structure,  differing  entirely,  in  this  respect, 
from  those  of  the  Iron  Mountain,  which  are  compact  and  without 
cleavage.  There  are  numerous  other  localities  in  the  vicinity,  which, 
although  not  so  generally  known,  yield  ores  of  a  quality  at  least  equal  to 
those  obtained  from  Pilot  Knob.  The  ore  of  Shepard's  Mountain  is 
magnetic  and  of  high  quality;  the  Russel-Bank  ore  is  a  fine-grained 
haematite,  very  pure,  and  making  excellent  iron. 

Prohably  the  largest  masses  of  specular  ore  in  the  older  rocks  are 
those  of  Brazil,  which,  according  to  recent  accounts,  are  developed  on  a 
scale  unparalleled  elsewhere,  but  at  present  they  are  almost  unutilized 
They  are  interesting  as  containing  in  places  gold  and  auriferous  pyrites 
in  quantity. 

The  most  important  ^^PPS^^  ^^  haematite  in  England  are  those  of 
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UlveiBtone  in  Lancashire  and  Whitehaven  Ih  Cumberland,  which  occat 
in  the  form  of  irregular  masses  in  Carboniferous  Limestone.  The  ore  is 
usually  in  dull,  compact  masses,  but  also  forms  kidney-shaped  crystalline 
aggregate&  In  addition  to  the  compact  variety  there  is  a  greasy  mica- 
ceous ore,  which  is  largely  employed  for  lining  the  hearths  of  puddling- 
furnaces.  Brown  hiematite  appears  to  be  entirely  absent  in  both  districts, 
and  iron  pyrites  and  calcium  phosphate  are  only  present  in  the  Snost 
minute  proportions. 

Analtbbs  of  Rkd  Ibon  Obss. 
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1  and  2.  From  Cleator  Moor,  Whitehaven,  Cumberland ;  by  A.  Dick. 
1  is  a  compact  red  hnmatite  containing  cavities  lined  with  crystals  of 
specular  iron  and  quarts.  When  large  quantities  were  operated  on,  minute 
traces  of  lead  were  obtained.  2.  A  compact  and  pulverulent  unctuous  red 
hffimatite,  in  which  traces  of  lead  were  detected.  3.  Gillbrow,  Ulveistone, 
Lancashire ;  by  A.  Dick.  This  ore  is  an  unctuous  red  haematite,  inter- 
mixed with  pieces  of  limestone,  which,  being  coloured  red,  cannot  be 
seen  until  the  specimen  is  washed.  4.  lindale  Moor,  Ulverstone ;  by  J. 
Spiller.  A  hard  compact  hcsmatite,  affording  distinct  traces  of  arsenic 
"when  large  quantities  are  operated  on. 

Oldbr  Bbown  Iron  Orb& — Irregular  masses  of  brown  hsmatite  are 
met  with  in  the  Carboniferous  Limestones  and  Lower  Coal-measure  sand- 
stones in  the  Forest  of  Dean,  in  the  neighbourhood  of  Bristol,  and  at 
Llantrissant  in  Glamorganshire.  In  the  Forest  of  Dem  the  ore  is  a 
stalactiform  brown  hsBmatite.  The  brown  hiematite  of  Ashton  Coojrt, 
near  Bristol,  frequently  contains  fragments  of  sulphate  of  barium  por- 
phyritically  embedded.  At  Llantrissant  the  ore  is  interstratified  between 
the  upper  part  of  the  Carboniferous  Limestone  and  a  black- shale  roo^ 
supposed  to  be  a  portion  of  the  Coal-measures. 
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1.  Bkick  Brtuh  Ore^  Forest  of  Dean,  Gloucestershire ;  contains 
minute  traces  of  copper ;  by  A.  Dick.  2.  Smith  Ore,  Forest  of  Dean ;  a 
eomparativelj  pure  brown  hfflmatite ;  by  A.  Dick.  3.  From  Llantrissant, 
Glamorganshire ;  by  E.  Riley.  4.  From  Froghall,  near  Gheadle,  Stafford- 
shire; compact^  homogeneous,  and  brownish-red  in  colour;  by  A,  Dick. 

i^ormous  quantities  of  iron  ore  are  now  exported  from  Bilbao,  in 
Spain,  to  England,  and  to  such  parts  of  France,  Belgium,  and  Germany  as 
are  accessible  by  water-carriagei  These  are  derived  from  deposits  of  Upper 
Cretaceous  age,  included  between  sandstones  and  limestones  at  the  three 
principal  localities  of  Somorrostro,  Galdames,  and  OUargan.  The  ores 
are  of  three  kinds,  of  which  the  average  composition  is  as  follows : — 

Analtbks  Of  Bilbao  Ores. 
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^  Estimated  as  Mn02. 
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1.  Campanil,  a  moderately  hard  red  ore  associated  with  calcite,  appar- 
ently an  altered  spathic  ore.  It  passes  downwards  into — 2.  Vena  dtdce^ 
which  is  richer  and  softer;  this  is  apparently  turgite,  though  called  red 
hsBmatite.  3.  Eiibio,  a  concretionary  limonite  formed  along  the  outcrop 
of  a  bed  of  sandstone  containing  nodules  oi  sid^rite. 

Newer  Brown  Iron  Ores. — In  the  secondary  formations,  and  more 
particularly  in  the  Liassic  and  OoUtic  series,  stratified  iron  ores  are  largely 
developed  both  in  England  and  in  the  western  part  of  Continental  Europe, 
and  at  the  present  time  these  formations  collectively  supply  the  largest 
amount  of  the  ores  smelted  in  Europe.  Prominent  among  these  are  the 
Cleveland  ores,  in  the  marlstone  or  Middle  lias,  whichare  more  particularly 
considered  at  p.  151,  and  those  of  the  Inferior' Oolite,  dogger,  or  Brown 
Jura  formations,  of  which  the  chief  representatives  are  the  Northampton- 
shire ores  in  this  country,  and  those  of  Luxembourg  and  Lorraine  in 
Continental  Ehrope.  The  Northampton  ore,  which  is  T)est  developed 
about  Wellingborough  and  Kettering,  has  the  structure  of  a  fossiliferous 
oolitic  limestone,  which  is  completely  transformed  into  limonite  at  the 
surface,  but  when  followed  in  depth  is  sometimes  green,  and  contains  fer- 
rous carbonate  and  silicate.  Such  un weathered  portions  also  contain  notably 
more  phosphorus  than  the  surface  ore.  Through  the  same  formations 
extends  an  ore  largely  worked  in  the  counties  of  Kutland  and  Leicester, 
partly  for  smelting  on  the  spot^  but  more  particularly  for  export  ta 
Staffordshire,  Yorkshire,  and  other  older  iron-making  districts.  In  North 
Lincolnshire  oolitic  ores  are  extensively  developed.  Those  dug  at 
Frodingham,  near  Brigg,  are  more  calcareous  than  those  of  Northampton- 
shire. The  brown  iron  ores  of  Wiltshire  are  found  in  newer  formations, 
namely,  in  the  Coral  Rag  at  Westbury,  and  in  the  Lower  Greensand  at 
Seend,  near  Devizes.  The  former  locality  is  alone  worked  at  present. 
Analysis  of  Brown  Iron  Ores  from  the  Oolite,  &c. 
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1.  From  Wellingborough,  Northamptonshire,  in  the  Inferior  Oolite  ; 
by  K  Riley.  2.  Green  on  weathered  Northamptonshire  ore  ;  by  L.  Brown. 
3.  From  Secnd,  Wiltshire,  Lower  Greensand  ;  by  K  Riley.  4.  Frodding- 
ham,  Lincolnshire,  average  of  all  the  beds. 

Red  and  brown  haematites  occur  in  the  Liassic  and  Oolitic  rocks 
of  France  under  nearly  similar  conditions  to  those  observed  in  this 
country.  The  most  important  deposits  are  those  near  La  Youlte,  in 
Aidk^e,  where  large  quantities  of  a  compact  earthy  red  hsematite  are 
inteistratified  in  marls  belonging  either  to  the  Lias  or  to  the  Oxford 
Clay. 

In  Wtirtemberg  and  Bavaria  the  lower  members  of  the  Oolitic  group, 
on  the  north-west  side  of  the  Swabian  Alps,  contain  ores  of  a  similar 
character ;  their  maximum  development  is  in  the  neighbourhood  of 
Men  and  Wasseralfingen,  where  the  thickness  of  the  beds  exceeds  1 8 
feet. 

The  oolitic  ores  of  Luxembourg  and  Lorraine  occur  under  very 
similar  conditions  to  those  of  Northamptonshire,  the  most  important 
centres  of  production  being  at  Esch  in  Luxembourg,  Longwy  in  France, 
and  in  the  neighbourhood  of  Metz.  The  ore,  which  is  generally  known  by 
the  local  name  of  minettey  is  partly  calcareous  and  partly  sandy,  and  con- 
tains from  30 to  35  percent  of  iron,  with  about  1  per  cent,  of  phosphoric 
anhydride.  It  is  largely  exported  to  Belgium  and  Germany,  in  addi- 
tion to  supplying  numerous  local  furnaces. 

In  addition  to  the  stratified  deposits  before  noticed,  irregular  masses 
of  loose  concretionary  brown  hsematite,  called  BohnerZj  are  found  filling 
cavities  and  long  winding  fissures  in  the  Oolites  of  South  Germany. 
These  pisolitic  concretions  vary  from  the  size  of  a  pea  to  that  of  a 
walnut ;  the  larger  being  generally  less  perfectly  spherical  in  form  than 
those  of  smaller  size.  The  cementing  material  is  usually  a  ferruginous 
clay,  which  may  be  removed  by  washing,  leaving  an  ore  containing,  on 
an  average,  about  35  per  cent  of  iron. 

The  Wealden  rocks  in  the  vicinity  of  Boulogne  yield  sandy  brown 
ores  occurring  in  superficial  deposits;  these  chiefly  supply  the  iron- 
furnaces  at  Marquise. 

A  large  deposit  of  nodular  brown  iron  ores,  containing  manganese  and 
intimately  mixed  with  phosphates,  lyhich  ar^  derived  from  the  waste  of 
older  Oolitic  and  Neocomian  strata,  occurs  in  the  Upper  Cretaceous  series 
near  Ilsede,  in  Hanover,  and  is  largely  smelted  to  produce  pig-iron  rich 
in  phosphorus  for  the  Thomas  and  Gilchrist  proceds. 

TxRTiABY  AKD  Post-Tbbtiabt  Ibon  Ores. — In  England  the  ores 
of  this  class  are  of  very  little  importance,  but  in  many  parts  of  Europe 
they  are  abundantly  developed  and  extensively  wrought  Large  quan- 
tities occur  in  the  great  plain  of  North  Germany,  which  extends  from 
the  borders  of  HoUand  to  the  head  of  the  Baltic;  they  are  also  found 
abundantly  in  France,  where  they  are  worked  to  a  considerable  extent 
The  deposits  of  Berry,  espedally  those  in  the  valley  of  the  Cher,  are 
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in  tho  Tertiary  series,  and  consist  of  pisolitic  ores  disseminated  in  beds 
in  the  ai^illaceous  rocks  of  the  district  Tertiary  and  alluvial  ores  are 
also  extensively  employed  in  the  Ardennes  and  in  the  department  of 
the  Marne.  Oolitic  and  pisolitic  ores  are  obtained  from  the  alluviums 
of  the  Kivemais,  and  hydrated  oxides  and  haematites  are  found  in 
the  superficial  clays  of  Charente,  Dordogne,  Lot-et-Garonne,  Lot,  and 
Tam-et-Garonne.  These  are  of  very  considerable  importance,  and  are. 
sufficiently  pure  to  admit  of  being  worked  in  the  Catalan  forge.  The 
workings  are,  for  the  most  part,  open  to  the  day,  and  frequently  descend 
to  a  depth  of  sixty  or  seventy  feet  The  sandy  deposits  of  the  Landes 
also  contain  beds  of  hydrated  oxides  and  of  bog  ores.  Burat  estimates 
that  one-third  of  the  iron  annually  produced  in  France  is  derived  from, 
alluvial  ores. 

In  Sweden,  Norway,  and  Finland,  large  quantities  of  a  variety  of 
limonite  known  as  lake  ore  are  obtained  by  dredging  from  the  bottom  of 
shallow  lakes.  This  ore  occurs  in  granular  concretionary  forms,  varying 
in  size  from  linseed  to  masses  of  several  cubic  inches.  These  ores  are 
collected  during  the  winter  months  only,  for  which  purpose  a  hole  of 
some  three  or  four  feet  in  diameter  is  made  in  the  ice,  through  which  is 
lowered  a  perforated  iron  shovel  attached  to  a  long  wooden  handle.  Ores 
of  this  description  are  continually  forming,  and  localities  known  to 
have  been  entirely  exhausted  a  quarter  of  a  century  previously  have,  on 
being  re-worked  at  the  expiration  of  that  period,  been  found  to  afford 
workable  deposits  of  several  inches  in  thickness.  The  formation  of 
these  ores  is  said  to  be  mainly  due  to  organic  agency ;  the  iron  being 
chiefly  derived  from  the  oxidation  of  pyrites  and  from  the  decom- 
position of  such  minerals  as  hornblende,  augite,  &c.,  containing  ferrous 
silicates^ 


Analyses  of  Bog  and  Lake  Orbs. 


I. 

2. 

8. 

4. 

FejOs 

62-69 

70-46 

66-83 

67  59 

FeO 

... 

8-60 

... 

MnOa 

8-52 

0-75 

1-46 

SiOs 

13-04 

2-80 

7-81 

A1,0, 

•  •a 

6-88 

... 

4-18 

CaO 

... 

... 

... 

0-47 

MgO     . 

... 

0-28 

P2O5 

i-60 

... 

0  12 

0-18 

Sand 

^       11-37 

••• 

... 

... 

Water  and  organic  matter 

16-02 

11-12 

26-40 

17-81 

100-60 

100-50 

100-00 

99-72 

.    MetaUic 

iron 

;    • 

.48-82 

.   .49-32 

49-24 

47-32 
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1.  Bog  ore  from  the  neighbourhood  of  Lingen,  Hanover ;  by  Senft. 
2.  Pisolitic  ore  from  the  district  of  Kandern  ;  by  Schenck.  3.  Bog  ore 
from  State  of  New  York;  by  Karsten.  4.  Lake  ore  from  Flaten,  Werm- 
land,  Sweden ;  by  Svanberg. 

Spathic  Iron  Orb. — Sidbritb. — This  ore  does  not  so  frequently  occur 
in  laige  masses  as  do  the  various  forms  of  ferric  oxide,  but  it  is  nevertheless 
found  in  very  considerable  quantities  in  various  European  localities. 
Large  quantities  of  spathose  ores  are  annually  raised  from  the  Devonian 
rocks  in  the  district  of  Siegen ;  the  most  important  mine  is  that  of  Stahl- 
berg,  near  Miisen,  where  a  nearly  vertical  lode  has  been  worked  since 
the  commencement  of  the  fourteenth  century.  Its  form  is  somewhat 
that  of  a  wedge ;  its  greatest  width  being  65  feet,  and  its  longitudinal 
extension  480  feet ;  it  is  enclosed  in  clay-slate,  and  has  been  worked  to  a 
depth  of  130  fathoms  by  means  of  a  series  of  levels  driven  into  the  hill. 
Spathic  ores  also  abound  in  the  crystalline  metamorphic  rocks  and  talcose- 
schists  of  the  Eastern  Alps,  as  well  as  in  limestones  of  Silurian  or  Devo- 
nian age. 

In  Styria,  the  celebrated  Erzberg,  or  Ore  Mountain,  rises  to  the  height 
of  nearly  2,500  feet,  and,  although  apparently  consisting  of  a  solid  mass 
of  siderite,  it  is,  in  reality,  only  capped  by  an  arch  of  that  mineral,  to 
a  depth  varying  from  200  to  600  feet,  including  a  few  interstratified 
schistose  partings.  The  best  ore,  which  occurs  in  the  lower  beds,  is  hard 
and  ciystalline,  and  of  a  brownish-yellow  colour.  Iron  and  copper 
pyrites,  quartz,  carbonate  of  calcium,  and,  more  rarely,  cinnabar,  are 
among  the  associated  minerals  The  yield  in  1882  was  about  612,000 
tons,  and  at  least  50,000,000  tons  are  said  to  have  been  laid  open  by  the 
workings. 

The  less  considerable,  but  otherwise  similar,  deposits  of  Carinthia 
are  situated  at  Hiittenberg  and  Lolling,  north-east  of  Klagenfurt^  and 
include  nnmerous  lenticular  beds,  the  most  productive  of  which  is  about 
200  feet  in  thickness. 

In  Thuringia  a  large  irregular  mass  of  spathic  iron,  in  Permian 
rocks,  has  been  worked  for  the  last  700  years;  the  principal  sources 
aie  those  of  Mommel  and  Stahlberg,  near  Schmalkalden,  where  the 
ores  are  much  disturbed  by  intruded  porphyritic  dykes.  This  deposit 
has  been  followed  to  a  depth  of  300  feet,  and  its  known  length  is  about 
smile. 

In  England  there  are  deposits  of  carbonate  of  iron  in  Weardale,  in 
Duzfaam,  where  it  occurs  in  veins  in  the  Carboniferous  Limestone,  asso- 
ciated with  ores  of  lead  and  zinc.  Siderite  is  also  found  at  Perran  in 
€oniwaIl,  Exmoor  in  Devon,  and  at  Brendon  Hill,  Somerset  For 
some  years  these  ores  were  worked  to  a  considerable  extent  and  ex- 
ported to  South  Wales  for  the  production  of  spiegeleisen.  The  outcrop 
of  veins  of  this*  mineral  is  invariably  found  to  be  converted,  to  a  con- 
siderable depth,  into  brown  hematite  by  the  action  of  atmospheric  air 
and  water.  • ;-     -  -  •   ^ 
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Analyses  or  Spathic  Ibon  Obbs. 


1. 

1 

2. 

8. 

4. 

1 

FeO 

4977 

48-84 

47-16 

55-64 

FesO,  . 

, 

0-81 

0-81 

... 

MnO    . 

,        , 

I        1-93 

12-64 

l6*-61 

2-80 

CaO     . 

'        8-96 

0-28 

0-50 

0-92 

MgO    . 

1        2-83 

8-63 

8-23 

1-77 

CO,      . 

, 

1      87-20 

88-86 

38-60 

88-35 

P,05      . 

trace 

... 

... 

S 

, 

0-04 

... 

,,, 

... 

H,0     . 

, 

1        0-30 

0-18 

... 

... 

Insoluble  residue . 

1        3-12 

0-08 

... 

99-96 

100-32 

100  00 

99-48 

Metallic  iron 

• 

38-95 

84-67 

36-75 

43-27 

L  Weardale,  Durham  ;  containing  minute  traces  of  copper ;  Tookey. 
2.  Brendon  Hill,  Somersetshire ;  Spiller.  3,  Stahlberg,  Miisen ;  SchnabeL 
4.  Erzberg,  Styria ;  Karsten. 

Clay  iBaNSXCNSis. — These  ores,  which  are  characteristic  of  the  Car- 
boniferous series,  although  found  to  a  smaller  extent  in  the  Wealden 
and  other  formations,  occur  in  thin  beds,  or  more  generally  in  nodules,  in 
the  shales  of  the  Coal-measures. 

The  nodules  essentially  consist  of  ferrous  carbonate,  but  always  con- 
tain a  notable  quantity  of  clay  or  sand,  with  variable  proportions  of  the 
carbonates  of  calcium,  magnesium,  and  manganese.  When  freshly  broken, 
the  fracture  has  a  light-grey,  yellow,  or  bluish  tint,  but  eventually  be- 
comes brown  on  exposure,  through  superficial  peroxidation  of  ferrous 
oxide.  The  nodules  are  frequently  so  numerous  as  to  coalesce  into  beds, 
.and  sometimes  contain  fossils,  such  as  fish  and  remains  of  plants.  They 
■are  often  fissured  in  such  a  way  as  to  suggest  the  idea  of  its  being  the 
result  of  contraction  by  drying ;  and  the  fissures,  having  been  subse- 
quently filled  with  mineral  matter,  have  the  appearance  of  veins,  which 
often  contain  quartz,  iron  and  copper  pyrites,  galena,  blende,  and  .calcite. 
At  Dowlais,  near  Merthyr  Tydvil,  in  Glamorganshire,  the  clay  ironstone, 
in  addition  to  the  minerals  above  enumerated,  contains  hattchetine,  or 
mineral  tallow^  while  beautiful  thread-like  crystals  of  millerite,  or  sulphide 
of  nickel,  occur  in  the  partially  filled  cavities.  Cl&y  ironstone  is  abun- 
dant in  the  coal-fields  of  North  and  South  Wales,  Staffordshire,  Shrop- 
shire, Yorkshire,  Derbyshire,  and  Scotland ;  while  those  of  Northumber- 
land, Durham,  and  Lajicashire  are  almost  entirely  without  itw  This  ore 
is  frequently  worked  in  conjunction  with  the  coal  with  which  it  is  asso- 
ciated, and  is  extracted  through  the  same  pits. 
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The  yield  of  clay  ironstone  per  acre  necessarily  varies  in  accordance 
with  the  thickness  of  the  bed  and  the  regularity  with  which  the  nodules 
are  disseminated.  Thus  the  Parkgate  Old  Black  Mine,  which  has  a 
thickness  of  11  inches,  yields  1,500  tons  per  acre;  while  the  Clay 
Wood  Mine,  of  exactly  one-half  the  thickness,  produces  in  an  equiva- 
lent area  the  same  amount  of  ore.  In  the  South  Wales  coal-field 
there  are,  at  least,  seven  distinct  districts  containing  seams  of  iron- 
stone ;  the  number  of  beds  in  each  varies  from  six  to  twenty-two,  and 
many  of  these  individual  deposits  are  themselves  subdivided  into  several 
distinct  courses.  They  sometimes  consist  of  a  single  layer  of  spheroidal 
concretions  or  balls,  of  all  sizes  up  to  a  ton  or  more  in  weight,  but  the 
beds  are  not  usually  very  thick,  and  this  is  the  greatest  drawback  to 
their  value. 

Analyses  of  Clat  Ibonstonbs. 


FeO  .  .  . 

Fe,Q,  .  .  . 

HnO  . 

AW),  .  .  . 

OaO  .  .  . 

MgO  .  .  . 

SiOa  . 

CO,  .  .  . 

PA  .  .  . 
SQ,  .  .  . 
FeSj    .        .        . 

H,0  \  hygK>«»pic 

'  (  combined  . 
Organic  matter  . 
Inaolnble  reddue . 


Metallic  iron 


35-88 
1-20 
0-94 
0-80 
2-78 
2-22 

25'il 
0-48 

trace 
0-18 
074 
1-11 
0-23 

28  00 


99-47 


28-76 


39-38 
1-24 
0-95 
0-82 
2-26 
8-72 

29-88 
0-47 

trace 
0-68 
1-41 
0-64 

19-85 


100-20 


81-82 


45-85 

6-56 
0-61 
2-60 
1-22 
0-67 

80'21 
0-46 

trace 
0-20 

1-64 

1-59 
16-87 


100-98 


3574 


52  04 

6*-92 
1-30 
0-53 
0-85 

32-31 
0-21 

trace 
0-13 

0-46 

0-51 
11-14 


100-40 


40-84 


1.  White  Bed  Mine,  Brierley,  Yorkshire ;  Spiller.  2.  Thomdiffe, 
White  Mine,  Parkgate,  Yorkshire  ;  Spiller.  3.  Pins,  Dudley,  Stafford- 
shire ;  Dick.  4.  Guhhin  and  Balls,  Bunker^s  Hill  Colliery,  Staflfordshire  ; 
Dick. 

Blackband  Ironstone. — This  ore  was  discovered  in  Lanarkshire  by 
Mushet  in  the  year  1801,  but  did  not  come  into  extensive  use  until  about 
1830.  It  is  a  clay  ironstone,  usually  of  a  dark-brown  or  black  colour, 
containing  carbonaceous  matter.  The  blackband  iron  ores  of  Scotland 
contain  from  20  to  25  per  cent  of  coaly  matter,  and  from  30  to  40  per 
cent  of  iron.  In  the  western  coal-field  of  Scotland  several  principal 
blackband  measures,  having  an  aggregate  thickness  of  6  ft.  5  in.,  are 
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known ;  all  these  have  been  more  or  less  extensively  worked,  but  the 
supply  has  now  considerably  fallen  off.  The  thickness  of  deposits  of 
blackband  is  subject  to  great  variation,  and  a  band  seldom  extends 
over  very  large  areas  without  some  change  taking  place  in  its  composition. 
At  Airdrie  the  blackband  occurs  in  workable  quantity  over  an  area  of 
only  about  ten  square  miles ;  whilst  its  equivalent,  in  the  fortn  of  a  thin 
seam  of  coal,  is  found  over  a  district  of  more  than  five  times  that  extent 
In  Linlithgowshire  the  stratum,  elsewhere  affording  blackband  ironstone, 
is  represented  by  the  celebrated  Boghead  cannel  coal. 

The  yield  of  blackband  ironstone  is  at  the  rate  of  2,000  tons  of  calcined 
ore  per  acre  for  each  foot  in  thickness  of  the  deposit.  Beds  varying  from 
4  to  9  feet  in  thickness  occur  in  Korth  Staffordshire,  and,  after  calcina- 
tion, the  ore  is  largely  exported  to  the  iron-works  of  South  Staffordshire. 

In  South  Wales  blackband  is  found  in  numerous  beds  of  irregular 
thickness  and  of  limited  extent.  This  ore  was  first  discovered  in  West- 
phalia, in  1855;  but  the  quantity  does  not  appear  to  be  large,  and  in 
but  a  few  instances  only  do  blackband  and  coal  occur  together.  Black- 
band  likewise  occurs  in  Lower  Silesia,  and  thin  layers  of  this  mineral 
have  been  discovered  at  one  or  two  localities  in  the  Banat 

Carbonaceous  spathic  ores,  locally  known  as  coal  brasses,^  occasionally 
accompany  coal  in  South  Wales,  and  differ  from  ordinary  blackband  in 
containing  considerable  quantities  of  the  carbonates  of  calcium  and  mag- 
nesium. 


Ais^ALYBEs  OF  Blackband  Ironstones. 


1. 

2. 

3. 

4. 

FeO 

58-82 

40-77 

87-07 

42-64 

Fe^Os 

0-23 

2-72 

MnO 

•  .. 

'6-28 

6-26 

OaO 

1-51 

'6-90 

6-61 

5-24 

MgO 

0-28 

072 

7-40 

5-26 

SiOs 

2-00 

claylO-10 

2-70 

COa 

84-89 

26-41 

86-14 

86-89 

Pa05 

,., 

•  «. 

0-28 

0-17 

FeSa 

... 

trace 

0-22 

^»"    {combined 

,,, 

•** 

... 

'i-00 

... 

... 

Carbonaceous  matter 

770 

17-88 

9-80 

'8-87 

99-98 

100-00 

100-18 

99-55 

Metalli 

ciron 

• 

41-60 

83-57 

28-88 

8312 

1  This  term  is  generally  applied  in  English  collieries  to  nodules  of  iron  pyrites  found 
in  the  ooals. 
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1  and  2.  Scotch  blackband ;  Colquhoun.  3  and  4.  "  Coal  brasses," 
Abcrdare,  South  Wales ;  Price  and  Nicholson. 

Clbveland  Ironstone. — ^The  Middle  Lias,  or  marlstone  rock,  which, 
in  the  neighbourhood  of  Chipping  Norton  and  Woodstock  in  Oxford- 
shire, yields  an  oolitic  brown  haBmatite,  aflFords  iron  ore  in  much  larger 
quantities  in  the  North  Riding  of  Yorkshire.  This  stone,  where  best 
developed  in  the  Cleveland  district,  has  a  total  thickness  of  about  20 
feet,  made  up  of  various  interstratified  bands  of  ore  and  shale ;  of  these 
the  two  principal  members  are  distinguished  as  the  Peeten  and  Avictda 
seams,  from  the  respective  prevalence  in  them  of  fossil  shells  belonging 
to  these  genera.  The  average  workable  thickness  of  the  ore  is  from  12  to 
17  feet ;  the  usual  produce  per  acre  being  estimated  at  about  20,000  tons. 
This  ore,  which  is  an  inferior  carbonate  of  iron,  is  usually  of  a  dull 
bluish-yellow  colour,  caused  by  the  presence  of  ferrous  silicate;  its 
structure  is  oolitic]  with  numerous  enclosed  fossils,  and  it  sometimes 
contains  interspersed  crystals  of  quarts  and  anatase.  A  dark  blue  or 
nearly  black  variety,  found  at  Rosedale  Abbey,  is,  although  oolitic  in  its 
structure,  both  magnetic  and  polar. 

Analtbib  of  Olbvslakd  Iron  Orbs. 


1. 

S. 

1 

8. 

4. 

FeO 

89-92  • 

84-98 

88-17 

83-85 

feiO,.        . 

8-60 

, 

... 

82-67 

MnO   . 

•96 

0-48 

0-60 

0-69 

AlA  . 

7-86 

8-20 

8-92 

8-15 

C*0     . 

7-44 

11-96 

11-90 

2-86 

MgO    .        . 

8-82 

4-51 

4-52 

1-59 

^     .        . 

0-27 

... 

... 

... 

SiO,     . 

7-12 

... 

6-96 

00,     . 

22-85  • 

29-20 

28-00 

10-36 

PtO,    . 

1-86 

1-30 

0-48 

1-41 

SO,      . 

trace 

... 

... 

FeS,    . 

Oil 

... 

... 

0-031 

H^ilSSD' 

2'97  { 

8-80 

8-65 

8-76 

Organic  matter 

trace 

.,, 

... 

0-84 

Inaolnbleresidne. 

1-64 

10-04 

18-22 

... 

,    100-41 

98-97 

99*36 

98-16 

• 

'      88-62 

27-21 

25-80 

49-17 

1.  Cleveland  ore,  locality  not  stated ;  Dick.  2.  Peeten  Bed,  Gros- 
mont,  Yorkshire;  Tookey.  3.  Avictda  Bed,  Grosmont,  Yorkshire; 
Tookey.     4.  Magnetic  ore,  Rosedale  Abbey ;  Pattinson, 

*  Sulphur. 
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Makqaniferous  Ibon  Obe& — Since  the  intiodaction  of  the  Bessemer 
and  Siemens  processes  for  steel-making,  the  production  of  manganese 
and  of  manganif erous  pig-iron,  which  was  formerly  restricted  to  localities 
producing  spathic  ores,  has  hecome  general  in  most  of  the  larger  iron- 
making  districts  in  England,  Belgium,  France,  and  Germany,  the  necessary 
ores  heing  often  brought  from  considerable  distances.  These  are  chiefly 
limonites,  more  or  less  intimately  mixed  with  peroxide  of  manganese 
(MnO*)  as  pyrolusite,  or  in  the  less  pure  form  of  psilomelane,  wad,  &c., 
which  contain  in  addition  sulphate  of  barium,  alkalies,  &c.  These  occur 
in  limestone  districts  producing  lead  ores,  and  probably  represent  the 
superficial  alteration  of  manganiferous  spathic  ores.  The  more  important 
localities  are  Almeria  and  Porman,  near  Cartagena,  whence  there  is  a 
large  export,  Laurium  in  Greece,  South- Western  Portugal,  Nassau,  and 
Camiola.  The  composition  varies  very  considerably,  the  points  of  chief 
importance  being  a  large  amount  of  manganese  as  compared  with  iron, 
25  to  35  per  cent,  of  each,  and  a  low  proportion  of  silica,  phosphorus, 
and  sulphur;  lime  is  not  objectionable.  Speaking  generally,  the 
qualities  that  render  a  manganese  ore  unfitted  for  the  chemical  manu- 
facturer make  it  of  value  for  spiegel-making.  Pure  p3rrolusite,  though 
it  may  be  used,  is,  apart  from  its  high  price,  not  advantageous  as  a  source 
of  manganese,  as  it  gives  off  oxygen  at  a  low  heat,  and  thus  wastes  fuel 
in  the  upper  part  of  the  furnace. 

Aluminous  Iron  Ores. — In  some  few  cases  limonites  have  been 
found  which  contain  alumina  uncombined  with  silica,  and  may  therefore 
be  used  in  the  smelting  of  siliceous  hssmatites  when  it  is  desired  to  employ 
alumina  as  a  fluxing  material.  In  this  respect  they  stand  midway  between 
ores  proper  and  fluxes.  The  most  important  localities  are  Les  Beaux, 
near  Toulouse,  whence  the  mineralogical  name  Bauxite  has  been  derived  ; 
Wochein  in  Camiola,  and  the  neighbourhood  of  Lame  in  Antrim.  In 
the  latter  district  it  occurs  with  pisolitic  ores  below  the  Antrim  basalt 
in  the  beds  of  old  lakes,  and  is  largely  exported  as  Belfast  aluminous 
ores.     The  purer  varieties  are  also  used  as  a  source  of  aluminium. 

Analtses. 

8H>,.  A1,0,.  Fe,0,.  FeO.  CaO.  MgO.  8iO,.  H,0. 
Belfast  ore ;  Tookey  9*87  34-57  27*98  5*08  0*91  0*62  8-51  19'86 
Bauxite ;  Bell      .     .     2*80    5740    25*50      ...      0*62      ...       810    11-00 

The  following  is  the  return  of  the  amount  of  iron  ore  raised  and 
consumed  in  the  United  Kingdom  for  the  year  ,1885  :^ — 


1  '  Mining  and  Mineral  Statistict  of  the  United  Kingdom  of  Great  Britain  and  Irelund 
for  the  year  1885w' 
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Total  Quantities  of  Iron  Orb  and  Ironstone  Produced  in  and  Imported  into 
THE  United  Kingdom  in  1885. 


District 


England. 
Devonshire    . 
Somenetshire 

Gloacestenhire 
Wiltshire 
Kutlondshire    and 

fordshire  . 
NorthamptoDBhire 
LeicesteTshire 
Lincolnshire  . 
Shropshire  • 
Warwickshire 


Ox 


'  Staffordshire,  North 

Staffordshire,  South,  and 
I      Worcestershire  . 
Derbyshire    . 

,  Lancashire    . 

Comberland  . 

I  Yorkshire  JNorthRiding 

(West  Riding 

Durham 

NoBTH  Wales 

I  South     Wales      and 
I     Monmouthshire 
'  Isle  of  Man 

I  Scotland 

I  Ireland 

,  Purple  ORE  FROM  oupBi 
•     feboub  ptbite8 
!  Iron  ore  imported 


Desciiption  of  Ore. 


Brown  Haematite  and  Magnetite 

ISpathose  ore,  Argillaceous  ore,  and  \ 
Hsematite  ^ 

Oolitic  ore 


Argillaceous  Carbonate     . 

tt                »»■••• 
f  Ai^gillaceous  Carbonate  and  Hydra  ted ) 
1     Oxide )' 

<  Argillaceous  Carbonate     . 

I  Red  Hiematite  and  Argillaceous  Car-) 
bonate  .        .        .        .        .        .> 

„  „    .     .    •        .        . 

f  Argillaceous  Carbonate,  and  Magne-  > 

\     tite i 

Argillaceous  Carbonate     . 
Spathose  ore 

I^giUaceous  Carbonate  and  Brown 
Hsematite 

)  Argillaceous  Carbonate,  Blackband,  / 
i     and  Brown  Hsematite   . 
Spathose  ore 

!  Argillaceous  Carbonate,   Blackband, 
and  Red  Hsematite        .        . 
\  Aluminous    ore,     Blackband,     and 
I      Brown  Hsematite  .... 


Tons, 

1,928 

2,099 

46,125 
67,489 

25,876 

1,160,000 
810,529 

1,188,524 

177,620 

10,981 

1,748,800 

117,726 

18,405 

1,209,971 

1,228,823 

5,932,244 

126,596 
39,777 

2,606 
63,294 

1,838,423 

107,646 

490,890 
2,822,598 


Total 


18,781,470 


Assay  of  Iron  Ores. 

In  order  to  determine  the  commercial  value  of  an  ore  of  iron,  it  is 
necessary  to  ascertain  not  only  its  percentage  yield  of  metal,  but  also  the 
approximate  proportion  and  constitution  of  the  various  impurities  present, 
as  well  as  their  probable  influence  as  affecting  its  fusibility.  It  is,  more- 
over, requisite  to  determine  the  nature  and  respective  amounts  of  other 
elements,  such  as  phosphorus,  sulphur,  &c.,  likely  to  affect  the  quality  of 
the  iron  obtained  by  its  metallurgical  treatment  The  two  former  ques- 
tions may  be  answered  by  the  results  of  dry  assay,  which  gives  the  maxi- 
mum amount  of  cast-iron  that^  under  the  most  favourable  conditions,  can 
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be  obtained  from  the  ore  in  the  blast-furnace ;   but  for  the  last,  the 
methods  and  processes  of  chemical  analysis  are  required. 

^  We  shall  first  give  a  description  of  the  methods  of  assaying  iron  ores 
by  the  dry  way,  and  afterwards  treat  of  the  processes  for  the  volumetric 
estimation  of  iron ;  finally,  the  analysis  of  ironstones  and  the  estimation 
of  those  constituents  which  are  present  in  minute  quantities  only,  will  be 
considered. 

Dry  Assay  of  Iron  Orbs. — This  operation  is  conducted  in  a  wind- 
furnace,  such  as  is  represented  in  fig.  28.      This  is  a  vertical  section 


Fig.  28. — Asaay-Furnaoe ;  vertical  section. 

tlirough  the  middle  of  the  grate  of  one  of  the  assay-furnaces  employed 
in  the  metallurgical  laboratory  at  the  Royal  School  of  Mines.  The 
"  melting-hole,"  A,  8  inches  square  and  12  inches  deep,  is  lined  with 
refractory  bricks.  Below  the  grate,  g,  is  the  ash-pit,  £,  closed  in  front  by 
the  door,  c,  which  has  a  revolving  register-plate  for  regulating  the  air- 
supply.  The  draught  is  maintained  by  a  stack  60  feet  high,  connected 
with  the  furnace  by  the  flue,  D.  The  same  stack  serves  five  similar  fur- 
naces. 

The  furnace  is  closed  by  two  fire-tiles,  e,  /,  clamped  with  iron, 
and  wedged  at  one  end.  These  are  of  unequal  size;  the  larger  one  only  is 
removed  when  a  crucible  is  to  be  taken  out  of  the  furnace.  A  more 
usual  covering  arrangement  is  to  have  a  square  tile  or  "  quarry  "  set  in  an 
iron  frame,  with  a  projecting  handle.  Besides  the  ash-pit  door  register, 
the  draught  may  be  regulated  by  a  damper  at  the  top  of  the  stack,  by  a 
slide-valve,  or  by  a  loosely  fitting  piece  of  brick  in  the  passage  connected 
with  the  flue. 

The  brickwork,  which  is  in  all  parts  subject  to  high  temperature,  is 
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made  of  fire-brick  set  in  fire-clay,  is  faced  with  cast-iron  plates  and  bound 
together  by  wrought-iron  tie-roda  The  fuel  used  may  be  either  clean 
coke  or  anthracite.  Charcoal  is  also  convenient,  but  is  now  rarely  at- 
tainable. 

Tariffs. — In  conducting  a  dry  assay  an  assortment  of  iron  tongs 
of  different  shapes  are  required,  some  of  which  are  represented  in  figs. 
29-32.  A  short  bent  pair  with  scissor  handles  (fig.  29)  is 
useful  in  filling  in  lumps  of  fuel  when  the  fire  has  burnt 
hollow,  and  for  handling  crucibles  after  they  have  been 
taken  out  of  the  furnace.  For  removing  these,  tongs  with 
straight  handles,  such  as  figs.  30,  31,  are  preferable,  as 
giving  a  firmer  grip.  Fig.  30  has  curved  jaws  for  clasp- 
ing round  a  crucible  when  it  is  covered  and  cannot  be 
gripped  at  the  top.  All  these,  being  rather  short  in  the 
handles,  are  inconvenient  for  manipulating  highly  heated 
objects,  and  can  only  be  used  in  the  removal  of  crucibles 
when  they  have  cooled  down  in  the  furnace,  which  may  re- 
qoire  about  half  an  hour  after  the  fusion  is  complete.  This 
loss  of  time  may  often  be  prevented  by  having  a  longer  handled  pair  of 


Fig.  29. 


Fig.  80.  Fig.  81.  Fig.  88. 

tongs,  such  as  fig.  32,  which  can  be  used  as  soon  as  the  crucible  is  suffi- 
ciently hardened  to  bear  handling.  To  protect  the 
iace  from  the  glare,  and  to  better  distinguish  the 
position  of  the  crucible  in  the  heated  furnace,  a 
wooden  shield,  fig.  33,  with  a  peep-hole,  a,  glazed 
with  blue  or  green  glass,  and  handle,  ft,  may  be  used. 
This  is  held  by  an  assistant  before  the  face  of  the 
operator  who  is  engaged  in  searching  for  the  crucible. 
Sampling, — In  all  assaying  operations  the  pre- 
paiation  of  a  sample  which  shidl  fairly  represent  Fig.  88. 

the  bulk  of  the  ore  under  investigation  is  of  first  importance,  and  in 
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Older  to  do  this  a  systematic  plan  must'  be  followed.  Supposing  a  quan- 
tity of  about  14  lbs.  weight,  in  lumps  of  the  size  delivered  to  the  smelter^ 
to  be  available,  the  whole  quantity  must  be  broken  down  to  about  J  or 
^  inch  fragments.  This  can  readily  be  done  upon  an  iron  or  steel  plate 
with  a  flat-faced  hammer,  the  lumps  being  placed  in  an  iron  ring  some- 
what larger  than  the  hammer  face  to  prevent  the  fragments  flying  apart. 
The  broken  stuff  and  dust  are  then  carefully  mixed  into  a  circular  heap, 
from  which  a  portion  is  removed  by  cutting  it  completely  through  with 
a  broad -bladed  spatula  in  two  directions  at  right  angles  to  each  other ; 
this  is  known  as  the  method  of  quartering.  This  portion,  from  ^  to  1  lb. 
in  weight,  is  then  further  reduced,  either  by  crushing  or  by  pulverizing 
in  a  cast-iron  mortar,  until  it  passes  through  a  sieve  of  8  to  10  holes  to 
the  linear  inch,  and  from  this  a  final  sample  of  500  to  1,000  grains  or 
more  is  taken.  This  should  be  reduced  sufficiently  to  pass  through  a  gauge 
of  60  to  80  holes  to  the  linear  inch.  In  powdering  hard  and  quartzose 
ores  in  cast-iron  mortars,  a  beating  or  percussive  action  of  the  pestle  is 
necessary,  and  all  triturating  or  grinding  should  be  avoided,  as  by  that 
means  particles  of  metal  are  worn  off  and  tend  to  increase  the  apparent 
amount  of  iron  present.  limonite  and  other  soft  ores  may  be  conve- 
niently pulverized  in  Wedgwood-ware  mortars,  but  for  finishing  the  final 
sample  an  agate  mortar  is  generally  preferable.  The  finely  powdered 
sample  should  be  preserved  in  a  stoppered  bottle  to  prevent  loss  or  un- 
due increase  of  hygroscopic  water. 

The  object  of  the  dry  assay  is  to  obtain  the  iron  of  the  ore  as  a 
compact  button  of  cast-iron,  the  ore  being  reduced  by  carbon,  and  the 
earthy  components  fused  down  by  the  agency  of  appropriate  fluxes,  which 
will  vary  with  the  nature  of  the  ore  under  examination.  It  is  therefore 
necessary  to  have  some  preliminary  knowledge  of  the  composition  of 
the  mineral,  and  where  this  cannot  be  obtained  by  inspection  or  repute, 
a  complete  or  partial  chemical  analysis  is  required.  A  method  of  the 
latter  kind  devised  by  Berthier  is  sometimes  used.  It  includes  the  fol- 
lowing operations : — 

1.  Determination  of  Volatile  Matter, — About  50  grains  of  mineral 
are  gradually  heated  up  to  bright  redness  over  a  Bunsen  gas  flame  in  a 
platinum  or  porcelain  ^  crucible.  The  loss  of  weight  gives  the  amount 
of  water  and  carbon  dioxide  present,  except  where  the  ore  contains  ferrous 
compounds,  when  there  is  a  certain  increase  of  weight  from  the  absorp- 
tion of  oxygen  consequent  on  the  formation  of  ferric  oxide. 

2.  Determination  of  Earthy  Carbonates, — Another  portion  of  50 
grains  is  digested  in  the  cold,  either  with  acetic  or  very  dilute  nitric 
acid.  This  removes  calcium  and  magnesium  carbonates,  while  ferrous 
carbonates,  if  present,  are  not  attacked.    The  operation  is  continued  until 

^  Preferably  the  latter.  Platinum  veaselt  must  be  very  cautionsly  used  in  iron, 
analysis,  for  if  the  ore  contains  organic  matter  the  reducing  gases  evolved  may  cause 
partial  reduction  of  ferric  oxide,  and  produce  a  superficial  black  stain  of  alloyed  iron  on 
the  platinum,  which  can  scarcely  be  removed  by  any  reagent. 
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effervescence  ceases,  when  the  residue  is  washed,  dried,  and  weighed. 
The  amount  of  carbonate  is  determined  from  the  loss. 

Determination  of  Insolvble  Matter. — 60  grains  of  the  ore  are  digested 
with  strong  hydrochloric  acid,  and  boiled  until  the  residue  is  colourless. 
This,  when  filtered  off  and  washed,  is  calcined  and  weighed  ;  it  consists 
of  quartz  and  silicates  not  decomposable  by  acids,  and  for  every  purpose 
may  be  regarded  as  silica. 

The  above  method,  though  sometimes  useful,  is  too  inexact  in  its 
results  to  be  of  much  value,  having  xegard  to  the  time  required  for  carry- 
ing it  out,  and  in  most  cases  the  nature  of  the  fluxes  required  may  be 
determined  by  inspection.  Thus,  the  older  magnetites  and  red  ores  are 
generally  quartzose,  and  require  lime  and  aluminous  fluxes,  while  spathic 
and  nodular  carbonates,  containing  clay  and  lime,  require  a  larger  pro- 
portion of  silica. 

Fluxes. — The  following  are  the  principal  fluxes  required  : — Silica,  in 
the  form  either  of  white  glass-house  sand  or  ground  flints :  any  other  form 
of  silica  may  be  employed  if  practically  free  from  iron,  and  in  a  sufficiently 
fine  state  of  division.  Alumina  ;  this  is  best  supplied  in  the  form  of  china- 
clay,  which,  after  ignition,  contains  53  per  cent  of  silica,  and  43  per  cent, 
of  alumina.  Fire-clay,  shale,  or  blast-furnace  cinder  may  also  be  used, 
but  they  have  the  disadvantage  of  containing  small  quantities  of  iron. 
lAme;  unslaked  lime  in  a  state  of  fine  powder  should  be  used,  when 
obtainable,  but  chalk  or  any  other  limestone  sufficiently  free  from  iron 
may  be  employed  as  a  substitute ;  care  must  be  taken  that  this  flux  is  as 
free  as  possible  from  sulphates  and  phosphates.  In  some  ii»si&&  fluor-spar 
may  be  advantageously  substituted  for  lime.  This  flux  affords  a  liquid 
slag,  but  is  rarely  used  on  the  large  scale.  GUsm,  free  from  lead,  may  be 
employed  with  argillaceous  ores;  such  glass  usually  containing  from 
60  to  70  per  cent,  of  silica,  the  remainder  being  soda^  potash,  and  lime. 
Bora3&  is  too  fusible  to  admit  of  being  generally  employed  as  a  flux  for 
iron  assays,  since  it  combines  with  iron  oxide  at  a  temperature  below  that 
necessary  for  reduction.  It  is  nevertheless  sometimes  used  as  a  substitute 
for  glass,  but,  when  it  is  so  employed,  the  proportion  of  lime  should  be 
incieased  to  such  an  extent  as  to  materially  diminish  the  fusibility  of  the 
mixture. 

The  nature  and  quantity  of.  flux^ required  in  an  iron  assay  will  vary 
with  the  proportion  and  character  of  the  earthy  matters  in  the  ore.  The 
object  sought  is  to  obtain  a  sufficient  amount  of  well-fused,  clean  slag  to 
completely  cover  the  reduced  button  of  metaL  It  must  also  be  sufficiently 
refractory  to  allow  the  iron  to  become  fully  carburized  before  fusion. 

According  to  Percy,  grey  blast-furnace  cinder  may  be  taken  as  a  type 
of  the  kind  of  slag  incest  desirable  to  obtain ;  its  approximate  percentage 
composition  is  as  follows : — 


SiOi,       .  . 

.        .    88)                  UlparU 

AliO, 

.    15  V  or  about  {1      „ 

CaO.        . 

.       .47                     8     „ 
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The  following  mixtures  produce,  when  fused,  slags  approximating  to 
this  composition : — 


Quartz 
China- 
vLime 


China-clay 


1  .        .       ) 

o  JSiOs  0-92  J 
^  \  AlaOg  0-82  . 
2i        .        .         . 


Glass 
Lime 


^^1  Basest  AlsOs 


2i 


Shale,  or  fire-clay 
Lime 


«    JSiOa 
24        . 


1-92 

0-82  \  = 
2-50 


36*5  per  cent. 
15-5        „ 
48-0        „ 


175) 
0-75  '/ 
2-50) 


(350 

==  \  150 

(50  0 


1-80)  (350 
0-90  \  =  \  170 
2-50  \       (  480 


In  some  German  iron-works  the  following  proportions  are  employed : — 

25  p.  c  fluor-spar. 


and 


^°'"  "''hi^lStei''  ""^  "^^  ^^^\    ^  ^  20  p.  c.  chalk 
,,  argillaceous  brown  ores      .     20  to  40    „       „  „  80  to  40 

„  bog  ores    ....  50    „       „  „  50 

,,  spathose  ores     .         .         .     10  to  15     ,,    china-clay,,  20 to 25 
„  tap- and  mill-cinder  .        .     20  to  25    „    chalk         „  20  to  25 


When  the  composition  of  the  ore  is  unknown,  the  proper  flux  may 
be  determined  empirically  by  trial  and  error,  three  or  four  samples  being 
heated  in  the  furnace  together  with  some  of  the  mixtures  in  the  following 
table :— 


SiOj   . 

1. 

2. 

8. 

4. 

6. 

50 

50 

30 

45 

15 

AlaOs.         . 

.       25 

16 

20 

18 

5 

CaO    . 

.       25 

34 

60 

3/ 

80  . 

The  weight  of  flux  used  in  each  case  must  be  one-half  that  of  the  ore 
operated  on,  and  the  most  advantageous  mixture  will  be  that  yielding  the 
highest  producei 

Preparation  of  the  Assay, — The  fusion  may  be  effected  either  in  a 
plain  or  in  a  carbon-lined  or  hrasqued  crucible.  In  the  former  case,  from 
100  to  150  grains  of  the  ore  sample  are  intimately  mixed  with  the  re- 
quired amount  of  fluxes  and  about  25  per  cent  of  powdered  charcoal, 
and  placed  in  a  black-lead  or  clay  crucible,  which  when  filled  is  covered 
with  a  clay  lid  luted  round  the  edges  with  fire-clay.  In  the  second  case, 
which  is  generally  preferable,  a  clay  (London  or  Hessian)  crucible  is  pre- 
pared by  filling  it  with  charcoal  powder  rendered  plastic  with  treacle  or 
sugar  syrup,  which  is  rammed  in  with  a  wooden  pestle  in  successive  layers. 
Care  must  be  taken  to  roughen  the  surface  of  each  layer,  so  as  to  allow 
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the  next  to  adhere  to  it  properly.  When  carefully  done,  the  whole  will 
form  a  coherent  mass.  A  cavity  is  then  hored  so  as  to  leave  a  thickness 
of  about  half  an  inch  of  carbon  around  and  below  it,  as  in 
the  section  fig.  34.  The  sides  and  bottom  of  the  cavity 
are  carefully  polished  with  a  ghiss  rod.  When  quite  dry 
the  cementing  material  is  carbonized  by  covering  the  crucible 
and  exposing  it  to  a  dull  red  heat,  which  may  be  con- 
veniently done  in  the  flue  of  the  assay  furnace  or  in  a  muffle.  ^^'  ^' 
These  linings,  when  properly  made  and  fired,  give  a  compact  mass  of 
charcoal  of  considerable  strength.  The  assay  sample  and  fluxes,  mixed  as 
in  the  first  case,  are  charged  into  the  crucible,  filling  the  space  5,  c,  but 
no  charcoal  is  required,  the  reduction  being  eflected  by  the  lining.  The 
top,  0,  6,  of  the  cavity  is  filled  either  with  charcoal  powder,  or  preferably 
by  a  solid  sponge  of  charcoal,  and  a  cover  is  fitted  on  later. 

Fusion  of  the  Assay, — The  charged  crucible  when  dried  is  placed  in 
the  centre  of  the  furnace  about  3  or  4  inches  above  the  grate-bars,  upon 
a  stand  made  of  a  piece  of  fire-brick.  One,  two,  or  four  assays  may  be 
made  at  once,  according  to  the  size  of  the  crucibles  employed ;  two  i» 
perhaps  the  most  convenient  number.  After  filling  the  furnace  with 
fuel,  t^e  firing  is  conducted  with  the  register  nearly  closed,  in  order  to 
allow  the  crucibles  to  become  gradually  heated,  and  the  water  and  volatile 
constitnents  to  escape  without  cracking  the  luting.  After  about  half  an 
hour  the  drai^ht  is  gradually  increased,  until  at  the  end  of  an  ^  hour 
the  furnace  is  urged  to  its  highest  temperature,  which  is  maintained  for 
a  quarter  or  half  an  hour  longer,  after  which  time  it  is  allowed  to  cool 
down.  The  crucibles,  with  the  stands,  to  which  they  are  generally  fluxed 
by  the  slag  formed  by  the  ash  of  the  fuel,  are  then  removed  and  allowed  to 
stand  on  the  top  of  the  furnace  until  cooled.  The  lid  is  then .  removed, 
and  the  crucible  cracked  in  two  lengthwise  by  a  small  chisel-faced  hammer. 
If  the  operation  has  been  successful,  the  iron  will  be  found  in  a  rounded 
button  covered  by  a  mass  of  well- melted  glassy  slag,  which  can  be  easily 
separated.  Usually,  however,  in  addition  to  the  main  button,  some  of 
the  reduced  iron  will  be  found  in  shots  through  the  slag,  so  that  it  ia 
always  necessary  to  break  the  latter  to  a  coarse  powder  in  a  steel  mortar, 
and  separate  the  interspersed  metal  by  passing  a  magnet  through  the 
powder.  The  particles  so  collected  are  added  to  the  main  button  and 
weighed  with  it.  If,  from  improper  fluxing  or  insufficient  heat>  the  ore 
has  not  been  perfectly  reduced,  the  metal  will  be  found  in  the  condition 
of  malleable  and  not  of  soft  cast-iron.  A  glassy  transparent  slag  of  dark 
green  colour  indicates  that  the  earthy  bases  added  have  been  insufficient 
to  flux  the  silica,  and  that  some  iron  has  been  scorified.  On  the  other 
hand,  lime  and  magnesia  in  excess  give  stony  or  crystalline  masses,  which 
are  only  fused,  but  not  melted,  having  the  iron  diffused  through  them; 
in  crystalline  scales..  A  light-grey  or  bluish  enamel,  or  a  white  or  smoky- 
jl^ey  translucent  glass,  is  obtained  when  the  fluxes  have  been  properly 
proportioned.     This  will  bei  coloured  purple  by  manganese  when  in  small 
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proportion,  but  green  or  brown  when  in  larger  quantity.  The  button  of 
iron  when  weighed  should  be  broken  between  paper  bj  striking  it  a 
smart  blow  upon  an  anvil.  Under  the  most  favourable  conditions  it 
will  show  slight  malleability,  and  break  with  a  dark-grey  fine-grained 
fracture,  like  that  of  foundry  pig-iron,  which  is  rendered  somewhat  brighter 
and  harder  by  phosphorus,  and  is  spotted  with  white  if  sulphur  is  present. 
If  any  notable  amount  of  manganese  has  been  reduced  from  the  ore,  a 
brittle  white  metal  of  a  platy  crystalline  structure  is  produced.  If  the 
metal  is  grey  and  well  melted,  the  phosphorus  in  the  ore  will  be  com- 
pletely reduced,  and  the  button  may  be  used  for  estimating  phosphorus. 
The  weight  of  the  metal  obtained  by  a  dry  assay  should  be  somewhat 
more  than  that  of  the  iron  contained  in  the  ore,  as  the  return  is  made  in 
cast-iron  which  contains  several  units  per  cent  of  substances  other  than 
metallic  iron.  PracticaUy,  however,  this  is  not  always  realized,  there 
being  generally  some  iron  taken  up  by  the  slag,  and  the  pig-iron  yield 
will  very  nearly  represent  the  amount  of  pure  iron  in  the  ore.  If, 
however,  the  ore  contains  much  manganese,  the  excess  of  weight  may  be 
from  4  to  7  per  cent.,  or  more. 

Swedish  Proobss. — In  Sweden  assays  of  iron  ores  are  made  in  small 
brasqued  crucibles,  each  about  2  inches  in  height,  and  1^  inch  in 
diameter  at  its  largest  end.  The  weight  of  ore  operated  on  is  usually 
from  15  to  20  grains  only,  and  four  crucibles  are  placed  in  the 
furnace  at  the  same  time ;  a  piece  of  fire-brick,  about  3  inches  square, 
being  used  as  a  stand.  As  soon  as  a  white  heat  has  been  reached,  the 
fire  is  allowed  to  bum  down,  and,  when  the  furnace  has  sufficiently 
cooled,  the  crucibles  are  removed  by  lifting  out  the  stands,  to  which  they 
will  be  found  firmly  attached  by  the  partial  fusion  of  the  brick  with  the 
ashes  of  the  fuel  employed.  When  cold  they  are  broken,  and  the  buttons 
and  slags  examined  in  the  usual  way ;  the  four  results,  when  the  assays 
have  been  skilfully  made,  should  not  vary  more  than  ^j^  or  ^  per  cent, 
from  each  other.  As  in  the  case  of  assays  made  upon  laiger  quantities 
of  ore,  the  metallic  shot,  when  wrapped  in  stout  paper  and  struck  by  a 
hammer  on  an  anvil,  should  flatten  slightly  before  breaking. 

Wkt  Assay  of  Iron  Ores. — Iron  may  be  directly  determined  by 
bringing  it  into  solution  as  a  ferric  salt^  and  precipitating  it  as  ferric 
hydrate  by  means  of  potash  or  ammonia.  The  precipitate  when  washed, 
dried,  and  calcined  at  a  red  heat  gives  ferric  oxide,  containing  70  per 
cent  by  weight  of  iron.  This  method,  is,  however  inconvenient,  not 
only  on  account  of  the  gelatinous  character  of  the  precipitate,  which 
renders  the  washing  tedious  and  troublesome,  but  more  particularly  from 
the  circumstance  that  ferric  hydrate  carries  down  phosphoric  acid  and 
silica  with  it ;  when  these  are  present,  even  in  small  quantity,  it  cannot 
be  separated  from  them  by  washing  alone.  The  method  of  direct  deter- 
mination is  therefore  almost  entirely  abandoned  in  favour  of  more  rapid  in- 
direct methods,  which  are  susceptible  of  extreme  accuracy.  These  depend 
upon  the  circumstance  that  when  iron  in  solution  as  ferrous  chloride  is  con- 
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verted  into  ferric  chloride  by  a  cold  solution  of  an  oxidizing  agent,  the 
consmnption  of  the  latter  is  proportional  to  the  amount  of  metal  present, 
and  if  the  solutions  are  of  known  strength,  the  amount  can  be  determined 
by  measuring  instead  of  weighing.  Two  principal  methods  are  in  use, 
which  are  due  to  Marguerite  and  Dr.  Penny  respectively.  They  differ 
principally  in  the  nature  of  the  oxidizing  solution  employed. 

Marqui^rite's  Pbocbss. — When  potassium  permanganate  is  added  to 
the  solution  of  a  ferrous  salt,  the  latter  is  converted  into  a  ferric  salt 
accoTding  to  the  following  equation  for  ferrous  chloride  : — 

10FeCl2 + 2KMnOi  +  16H01 = SFejOle + 2KC1 + 2MnCls  +  SHjO. 

Potassium  permanganate  solutions,  even  when  very  weak,  have  a 
decided  red  colour,  which  is  immediately  discharged  as  long  as  any 
ferrous  salt  remains  unaltered ;  but  immediately  that  point  is  reached, 
even  a  single  drop  in  excess  gives  a  characteristic  rose  tint  to  the  solution, 
so  that  the  exact  termination  of  the  operation  is  easily  seen. 

Penny's  Process. — Ferrous  salts  in  solution  containing  free  acid  are 
converted  into  the  corresponding  ferric  salts  when  treated  in  the  cold 
with  a  solution  of  potassium  bicliromate.  The  following  is  the  reaction 
for  ferrous  chloride  :— 

6Fe01a + KaCraO? + 1 4H01 = SFejCle  +  2KC1  +  CrjCle  +  7HsO. 

The  change  of  colour  in  the  solution  by  this  method  is  not  sufficiently 
marked  to  show  the  exact  termination  of  the  reaction,  and  a  secondary 
mode  of  indication  is  therefore  required.  For  this  purpose  a  weak  solu- 
tion of  potassium  ferricyanide  (red  prussiate)  is  used.  A  slab  of  white 
porcelain  is  covered  with  dots  of  this  solution,  and  a  drop  taken  by  a 
stirring-rod  from  the  assay  liquor  is  added  to  a  fresh  dot  at  intervals 
daring  the  addition  of  the  standard  solution.  So  long  as  any  notable 
proportion  of  ferrous  salt  remains,  a  deep  blue  colour  is  immediately  pro- 
duced ;  but  as  the  oxidation  proceeds,  the  blue  tint  becomes  paler  and 
forms  more  slowly,  and  when  the  oxidation  is  complete,  no  change  of 
colour  takes  place. 

Preparation  of  Standard  Solutions. — In  order  to  avoid  calculations 
as  much  as  possible,  standard  assay  solutions  are  made  of  such  strength 
that  a  unit  volume  measured  in  the  burette  stands  in  some  simple  relation 
to  a  unit  weight  in  the  assay  sample.  For  instance,  for  metric  measures 
one  cubic  centimetre  may  represent  one  centigramme  of  pure  iron,  or  one 
per  cent,  upon  an  assay  weighing  one  gramme ;  and  as  the  burette  can  be 
read  to  less  than  -^  of  a  centimetre,  the  result  will  be  accurate  to  within 
xV  per  cent    Solutions  of  this  strength  are  of  the  following  composition  : — 

1.  Potassium  bichromate     . 

2.  Potassium  permanganate 

In  either  case,  the  weighed  quantity  of  pure  crystallized  salt  may  be 
dissolved  in  somewhat  less  than  the  proper  quantity  of  water,  and  diluted 
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to  the  right  strength  when  the  actual  value  or  standard  has  been  deter- 
mined by  experiment  This  is  done  by  operating  upon  a  weighed 
quantity  either  of  iron  of  known  composition,  or  preferably  of  pure 
ferrous  sulphate,  or  of  ammonio-ferrous  sulphate.  The  latter  salt  is 
perhaps  the  most  convenient,  as  it  may  easily  be  preserved  without 
alteration,  and  contains  exactly  one-seventh  of  its  weight  of  iron. 

The  bichromate  solution  being  quite  stable  when  protected  against 
loss  by  evaporation,  may  be  prepared  and  kept  in  large  quantities,  but 
the  permanganate  is  more  susceptible  to  alteration,  and  should  not  be 
kept  too  long.  It  is  also  immediately  decomposed  by  contact  with  organic 
matter,  and  therefore  must  be  kept  in  glass-stoppered  bottles. 

Solviion  of  the  Ore, — About  one  gramme  of  the  finely  powdered 
sample  is  heated  in  a  hard  glass  flask  with  strong  hydrochloric  acid  until 
the  whole  of  the  iron  is  dissolved.  The  insoluble  residue,  when  light- 
coloured,  consists  only  of  silica  and  clay,  and  need  not  be  separated ;  but 
when  it  contains  carbonaceous  matter,  as  is  the  case  with  blackband  iron- 
stone, the  solution  must  be  filtered.  The  dissolved  iron,  being  wholly  or 
partly  in  the  state  of  ferric  chloride,  is  next  reduced  to  the  ferrous  stata 
For  this  purpose  the  solution  is  diluted  and  treated  with  zinc  or  sodium 
sulphite.  In  the  first  case,  it  is  necessary  to  use  zinc  free  from  iron  in 
tolerably  large  granulated  pieces ;  the  small  trace  of  lead  usually  present  is 
of  no  consequence.  The  liquor  is  boiled  until  it  is  completely  decolorized, 
and  when  cool  is  poured  ofif  into  a  porcelain  dish,  leaving  the  undissolved 
lumps  of  zinc  behind.  These  are  rinsed  with  water  and  the  washings 
added  to  the  original  solution.  The  treatment  with  sodium  sulphite  is 
similar ;  it  is  added  either  in  solution  or  crystals,  and  the  decolorized 
liquor  must  be  boiled  until  it  ceases  to  smell  of  sulphurous  acid.  The  use 
of  zinc,  though  convenient,  is  inadmissible  when  the  ore  contains  titanium, 
as  the  higher  titanic  chloride,  TiCl4,  is  reduced  by  it  to  titanous  chloride, 
TijCle,  which  being  re-converted  by  the  standard  solution,  will  cause  the 
amount  of  iron  to  appear  higher  than  it  really  is.  Another  very  accurate 
method  of  reduction  is  to  pass  sulphuretted  hydrogen  through  the  solution 
until  it  is  decolorized,  and  then  boiling  until  the  excess  of  gas  is  com- 
pletely expelled. 

Determination  of  the  Iron, — The  assay  solution  when  diluted  and 
transferred  to  a  porcelain  dish,  as  described  above,  is  placed  beneath  the 
spout  of  the  burette,  and  the  standard  solution  is  added  in  quantities  of  two 
to  three  centimetres  at  a  time,  the  contents  of  the  basin  being  carefully 
stirred  after  each  addition.  The  quantity  added  each  time  is  diminished 
as  the  operation  proceeds,  and  finally  is  made  by  single  drops.  The 
slightest  excess  of  permanganate  gives  a  pink  colour  to  the  liquor,  so 
that  the  exact  termination  is  readily  determined.  With  the  bichromate 
this  point  is  not  quite  so  easily  seen,  and  it  is  therefore  necessary  to 
repeat  the  testing  with  the  red  prussiate  indicator  at  short  intervals  when 
the  standard  solution  ceases  to  produce  any  decided  change  of  colour  in 
the  assay.  ^ 
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When  permanganate  is  used,  it  is  better  to  convert  the  ferrous  salt  in 
the  assay  into  a  sulphate,  which  may  be  done  by  evaporating  the  hydro- 
chloric acid  solution  nearly  to  dryness,  adding  sulphuric  acid,  and  boiling 
until  the  hydrochloric  acid  is  driven  oS,  as  under  certain  conditions 
pennanganate  is  decomposed  by  hydrochloric  acid  when  concentrated. 

As  has  already  been  stated,  the  permanganate  method  is  inaccurate 
when  the  ore  contains  organic  matter,  and  for  this  reason  the  use  of 
indianihber  tubes  in  connection  with  the  burette  must  be  avoided,  a 
glass  stopcock  being  substituted. 

The  state  of  oxidation  of  the  iron  in  the  ore  may,  when  the  total  iron 
has  been  determined  by  the  method  described  above,  be  found  by  making 
a  second  assay,  omitting  the  reduction  by  zinc  or  by  sulphurous  acid.  In 
this  case  only  the  iron  originally  existing  as  ferrous  oxide  is  determined, 
and  from  the  difiference  of  the  two  results  that  contained  as  ferric  oxide 
is  computed.  Special  care  must  be  taken  to  prevent  the  access  of  air  or 
oxygen  to  the  flask  during  solution.  This  may  be  done  by  dissolving  the 
iron  in  a  partially  closed  tube,  or  adding  some  carbonate  of  sodium  to  the 
liquor  to  expel  the  air  by  the  carbon  dioxide  given  off. 

Penny's  process  is  generally  to  be  preferred  to  Margu&ite's,  for  the 
following  reasons :-« 

1.  The  solution  of  potassium  bichromate  is  less  liable  to  decomposi- 
tion by  long  keeping  than  that  of  permanganate,  and  requires  less  fre- 
quent standardization. 

2.  The  result  obtained  is  more  reliable,  since  it  is  not  subject  to  error 
through  evolution  of  chlorine. 

3.  It  occupies  less  time,  as  filtration  is  not  generally  necessary,  even 
when  carbon  or  other  organic  matter  is  present,  and  no  time  is  lost  in 
waiting  for  the  solution  to  cool,  as  is  the  case  with  permanganate. 

Dry  and  Wet  Assay, — Comparative  Yields, — As  the  result  of  dry 
assay  is  cast-iron^  a  substance  sometimes  containing  above  15  per  cent,  of 
other  elements,  while  the  wet  assay  expresses  the  amount  of  pure  iron  in 
the  ore,  the  results  obtained  by  the  forrmer  method  should,  in  all  cases, 
indicate  a  higher  yield  than  those  obtained  by  wet  assay  from  the  same 
ironstone. 

The  following  series  of  dry  and  wet  assays,  carefully  made  in  Dr. 
Percy's  laboratory,  will  serve  to  show  the  usual  amount  of  difference 
between  the  results  obtained  : — 


Inm  by  dry  assay    . 

»      wet     „ 

1. 

S. 

8. 

4. 

5. 

6. 

73-80 
6976 

70  80 
68  08 

69-60 
57-67 

85-80 
88-86 

42-10 
87-66 

84-80 
82-18 

The  wet  assays  were  made  by  means  of  a  standardized  solution  of 
potassium  bichromate  or  of  permanganate,  and  the  dry  assays  in  brasqued 
crucibles  by  the  Swedish  method. 
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Analysis  of  Iron  Ores. 

ThQ  complete  analysis  of  an  iron  ore  is  an  operation  which  is  both 
tedious  and  difficult,  involving  numerous  precipitations,  filtrations,  wash- 
ings, dryings,  and  weighings,  and  should  only  be  attempted  by  a  chemist 
having  considerable  experience  of  mineral  analysis.  The  following  is  an 
outline  of  the  more  important  processes  employed  for  the  systematic 
analysis  of  ores  of  this  class,  but  the  reader  who  may  require  more  com- 
prehensive information  on  this  subject  is  referred  to  a  *  Memoir  on  the 
Iron  Ores  of  Great  Britain,'  founded  on  investigations  conducted  by 
Messrs.  Dick  &  Spiller  in  the  laboratory  of  the  Royal  School  of  Mines, 
published,  in  parts,  between  the  years  1856-62.  He  will  also  do  well  to 
consult  an  admirable  paper  by  Mr.  E.  Riley,  in  the  '  Quarterly  Journal 
of  the  Chemical  Society,*  vol.  xii.  p.  13.i 

Water, — The  amount  of  hygroscopic  water  present  in  an  ore  is  deter- 
ixiined  by  exposing  a  weighed  quantity  in  a  finely  powdered  state  to  a 
temperature  of  100°  C.  in  a  water-bath  until  it  ceases  to  lose  weight. 
Combined  water  is  estimated  by  heating  the  dried  ore,  or  a  weighed  quan- 
tity of  the  undried  ore,  to  redness  in  a  hard  glass  bulb,  to  which  is 
adapted  a  chloride  of  calcium  tube,  of  which  the  weight  has  been  pre- 
viously ascertained.  By  this  treatment  the  water  and  other  volatile 
matters  are  expelled,  the  water  only  being  retained  by  the  calcium 
chloride,  so  that  its  amount  may  be  found  directly  by  re-weighing  the 
tube.  When  undried  ore  is  operated  on,  the  amount  of  water  lost  by  ex* 
posure  to  100"*  C.  must  be  subtracted  from  the  increase  in  weight  of  the 
chloride  of  calcium  tube,  in  calculating  the  percentage  of  combined  water 
present 

Attack  by  Hydrochloric  Acid,  ^c. — A  weighed  quantity  of  the  finely 
pulverized  ore  is  digested  in  strong  hydrochloric  acid  until  no  further 
action  takes  place,  and,  after  boiling  for  an  additional  ten  minutes,  the 
solution  is  diluted  with  distilled  water  and  filtered.  The  insoluble  matter 
which  remains  on  the  filter  is  well  washed  with  distilled  water,  dried  in 
a  water-bath,  ignited  in  a  platinum  dish,  and  weighed. 

The  filtrate  from  insoluble  matter  is  now  boiled  with  the  addition  of 
nitric  acid  or  potassium  chlorate,  for  the  purpose  of  peroxidizing  the  iron, 
and  after  being  rendered  neutral  with  sodium  carbonate,  is  boiled  with  an 
excess  of  sodium  acetate  and  filtered  hot  The  precipitate  thus  obtained 
is  washed  with  hot  water,  the  filtrate  received  in  a  flask,  rendered  alkaline 
by  ammonia,  and  a  few  drops  of  bromine  added.  After  corking  the  flask, 
it  is  set  aside  for  twenty-four  hours,  when  it  is  boiled,  and  the  precipitated 
hydrated  manganic  peroxide  separated  by  filtration,  washed,  and  con- 

1  *  On  the  General  Oconrrenoe  of  Titanic  Acid  in  Clays,  and  the  method  employed 
to  estimate  it ;  on  the  Analysii  of  Iron  Ores  and  Siliceous  Minerals  containing  Iron ; 
the  separation  of  Oxide  of  Iron  from  Titanic  Acid ;  and  the  methods  of  estimating 
Iron.'    Also,  '  The  Assay  and  Analysis  of  Iron  and  Steel/  by  Thomas  Bayley,    1884. 
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verted  by  ignition  into  MnsO*.  From  the  weight  of  this  the  proportion 
of  manganese  is  computed.  The  filtrate  from  the  last  operation  may  con- 
tain lime  and  magnesia  ;  the  former  is  precipitated  by  oxalate  of  ammo* 
nimn,  and  may  be  weighed  either  as  carbonate  or  as  sulphate  of  calcium. 
Oxalate  of  calcium  is  converted  into  carbonate  by  ignition  at  a  low  red  heat, 
and  into  sulphate  by  the  addition  of  weak  sulphuric  acid  and  heating  until 
the  excess  of  acid  has  been  driven  off.  The  most  accurate  results  are 
perhaps  obtained  by  the  latter  process,  although,  when  the  carbonate 
obtained  by  igniting  the  oxalate  is  subsequently  heated  with  a  little 
carbonate  of  ammonium  until  all  traces  of  the  volatile  salt  have  been 
expelled,  the  former  method  is  sufficiently  exact.  From  the  amount 
of  the  calcium  salt  thus  found  the  percentage  of  lime  present  is  cal- 
culated. To  the  filtrate  from  the  oxalate  of  calcium,  sodium  phos- 
phate is  added,  and  the  solution  is  set  aside  for  twenty-four  hours, 
during  which  time,  if  magnesia  be  present,  a  crystalline  double  phos- 
phate of  magnesium  and  ammonium  will  be  deposited.  This,  on 
being  heated,  gives  ofif  water  and  ammonia,  and  is  converted  into 
magnesium  pyrophosphate,  MgjPjOT,  containing  36*33  per  cent,  of 
magnesia. 

The  precipitate  produced  in  the  hydrochloric  solution  by  boiling 
with  excess  of  sodium  acetate,  consisting  of  basic  acetates  of  iron  and 
aluminium  with  phosphoric  acid,  is  dissolved  in  hydrochloric  acid  and 
boiled  with  excess  of  caustic  potash  in  a  platinum  dish.  Ferric  oxide 
will  be  thus  thrown  down,  while  the  alumina  at  first  precipitated  is 
re^issolved,  and  may  be  separated  by  filtration.  The  filtrate  is  acidified 
by  hydrochloric  acid  and  boiled  with  the  addition  of  potassium  chlorate, 
for  the  purpose  of  destroying  any  soluble  organic  matter  due  to  the  action 
of  the  caustic  alkali  on  the  filter,  rendered  nearly  neutral  by  ammonia, 
and  finaUy  made  alkaline  by  carbonate  of  ammonium.  The  alumina, 
together  with  phosphoric  anhydride,  will,  when  that  substance  is  con- 
tained in  the  ore,  be  now  precipitated,  and  must  be  washed,  ignited, 
and  weighed. 

The  amount  of  P2O5  present  is  subsequently  ascertained  by  the 
method  given  on  p.  166,  and  its  weight  is  deducted  from  the  former 
weighing.     The  difference  gives  the  amount  of  alumina  in  the  ore. 

The  precipitated  ferric  hydrate  remaining  after  the  separation  of 
alumina  is  re-dissolved  in  hydrochloric  or  sulphuric  acid,  and  the  amount 
of  iron  determined  by  a  standard  solution  of  either  bichromate  of  potas- 
sium or  of  the  permanganate.^ 

1  Chemists  have  now  geoerally  given  up  the  nse  of  potash  in  the  analysis  of  iron 
ores;  ferric  oxide,  alumina,  and  phosphoric  anhydride  are  weighed  together,  and  the 
mbture  then  dissolved  in  hydrochloric  acid.  Any  silica  it  may  contain  is  separated 
by  filtration,  the  iron  is  determined  by  a  standard  solution,  and  the  corresponding 
unount  of  ferric  oxide  is  deducted  from  the  weight  of  the  mixed  precipitate ;  phos- 
phoric anhydride  is  estimated  by  a  special  determination,  and  its  weight  also  deducted, 
the  residue  being  alumina.  Estimation  by  loss  is  generally  objectionable,  but  experi- 
ence has  shown  that  this  method  is  most  reliable. 
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Sulphur, — Sulphur  may  exist  in  iron  ores  either  as  sulphates,  soluble  or 
insoluble  in  hydrochloric  acid,  or  as  insoluble  iron  pyritea  The  sulphur 
present  in  the  form  of  soluble  sulphates  may  be  determined  by  digesting 
a  weighed  quantity  of  the  ore  in  dilute  hydrochloric  acid,  filtering,  and 
adding  barium  chloride  to  the  filtrate.  The  sulphate  of  barium  pre- 
cipitated is  thrown  on  a  filter,  washed,  dried,  ignited,  and  weighed,  and 
from  its  weight  is  calculated  the  percentage  amoimt  of  sulphur  existing 
in  the  state  of  soluble  sulphates.  If  insoluble  sulphates  are  present,  the 
amount  of  sulphur  they  contain  may  be  determined  by  fusing  the  pul- 
verized ore  with  carbonate  of  sodium,  treating  the  fused  mass  with  water, 
decanting,  adding  hydrochloric  acid  in  excess  to  the  solution,  and  pre- 
cipitating by  barium  chloride  as  before  directed.  If  sulphates  soluble  in 
hydrochloric  acid  are  present  at  the  same  time  with  sulphates  insoluble 
in  that  menstruum,  both  operations  wiU  be  necessary  for  their  separate 
determination. 

The  sulphur  present  as  iron  pyrites  is  best  determined  by  fusing 
the  substance  in  a  finely  divided  state,  with  a  mixture  of  nitre  and 
pure  sodium  carbonate,  in  a  gold  crucible,  dissolving  in  dilute  hydro- 
phloric  acid,  evaporating  to  dryness,  and  separating  insoluble  matter 
by  re-attacking  with  hydrochloric  acid  and  filtering.  Sulphate  of 
barium  is  precipitated  from  the  filtrate  on  the  addition  of  barium 
chloride. 

Phosphoric  Anhydride, — ^This  may  be  determined  by  the  method 
first  proposed  by  Dick.  A  weighed  quantity  of  the  ore  is  dissolved  in 
hydrochloric  acid,  the  insoluble  matter  is  separated  by  filtration,  the  iron 
in  the  filtrate  reduced  to  the  form  of  a  protosalt  by  sodium  sulphite,  and 
all  free  sulphurous  anhydride  driven  oflf  by  boilinj? ;  a  small  portion  of 
the  solution  is  oxidized  by  nitric  acid  and  added  to  the  remainder,  which 
is  then  nearly  neutralized  with  ammonia,  acetate  of  sodium  added,  and 
the  mixture  boiled.  All  the  phosphoric  acid  is  precipitated,  together 
with  a  small  amount  of  ferric  oxide,  of  which  a  portion  goes  down  as 
ferric  acetate.  The  precipitate  is  collected  and  dissolved  in  excess  of 
hydrochloric  acid  ;  tartaric  acid,  ammonia,  and  a  magnesium  salt  added, 
and  the  liquid  allowed  to  stand  at  least  twenty-four  hours ;  the  pre- 
cipitate is  collected  on  a  filter,  washed,  dried,  and  ignited,  and  weighed 
as  MgjPjOj,  containing  63-67  per  cent,  of  PjOg.  For  ores  containing 
only  minute  quantities  of  phosphorus  the  method  of  precipitation  by 
molybdic  acid  may  be  used. 

Carbonic  Anhydride, — The  amount  of  CO3  present  is  best  deter- 
mined by  dissolving  a  known  weight  of  ore  in  hydrochloric  acid  in  a 
small  flask  provided  with  a  safety-funnel,  and  collecting  the  gas  evolved 
in  potash-bulbs,  after  drying  it  by  passing  through  a  chloride  of  calcium 
tube. 

Indirect  Determination  of  Manganese, — A  method  of  determining 
manganese  in  iron  ores  or  metal,  which  is  much  more  rapid  than  that 
previously  given,  has  been  introduced  by  Mr.  Pattinson,  who  finds  that 


IRON.  167 

manganese  may  be  completely  precipitated  from  a  hydrochloric  acid 
Bolntion  containing  a  certain  proportion  of  ferric  chloride,  as  hydrated 
dioxide,  by  a  solution  of  bleaching-powder  or  bromine  and  an  excess  of 
carbonate  of  calcium,  the  temperature  of  the  liquor  being  kept  at  about 
60'  to  70*  C.  The  dark  brown  precipitate,  when  freed  from  chlorine  or 
bromine  by  washing,  is  transferred  in  the  filter  to  a  beaker,  in  which  a 
measured  volume  of  a  solution  of  ferrous  sulphate  in  sulphuric  acid  con- 
taining a  known  quantity  of  iron  has  been  placed.  The  precipitate  is 
readily  dissolved,  the  manganese  dioxide  producing  manganous  sulphate, 
and  oxidizing  an  equivalent  proportion  of  ferrous  to  ferric  sulphate. 
The  residual  amount  of  ferrous  sulphate  is  then  determined  by  bichro- 
mate standard  solution,  as  in  iron  assaying,  and  the  difference  between 
this  and  the  total  quantity  taken  gives  the  amount  peroxidized  by  the 
oxygen  liberated  from  the  manganese  dioxide  in  dissolving,  and  from  it 
the  metal  in  the  latter  is  computed  according  to  the  following  equa- 
tion : — 

2FeOS08  +  MdOq  +  2SO3 = MnOSOj + FeaOsSSOa, 

each  unit  of  ferrous  sulphate  oxidized  representing  0"18  unit  of  manga- 
nese. In  order  to  compensate  for  any  error  due  to  the  reducing  action 
of  the  paper  of  the  filter,  a  filter  of  similar  size  should  be  added  to 
the  acid  ferrous  sulphate  liquor  before  determining  its  standard.  This 
method  is  sufficiently  accurate  for  most  purposes  when  the  proper  pre- 
cautions ^  are  taken ;  but  to  ensure  complete  precipitation,  in  the  first 
instance,  it  is  necessary  that  the  original  solution  should  contain,  at  least, 
half  as  much  iron  as  manganese. 

Titanic  Oxide, — The  amount  of  titanic  oxide  present  in  ordinary 
iron  ores  is  usually  so  small  that  its  determination  is  not  of  much  com- 
mercial importance.  For  the  processes  employed  for  the  exact  estimation 
of  this  substance,  which  are  somewhat  complicated,  the  reader  is  referred 
to  the  memoir  before  referred  to  of  Mr.  Riley,  who  has  devoted  much 
careful  attention  to  the  metallurgy  of  iron.  It  is,  however,  a  mistake  to 
suppose  that  titanic  oxide  is  left  with  the  silica  in  the  analysis  of  iron 
ores,  or  that  it  is  completely  separated  by  evaporation  to  dryness ;  a  con- 
siderable amount  is  dissolved  by  strong  hydrochloric  acid.  In  iron  ores 
containing  from  20  to  30  per  cent,  of  titanic  oxide  it  has  been  found  that 
nearly  the  whole  had  been  dissolved  by  hydrochloric  acid,  and  that  only 
a  very  small  amount  remained  with  the  silica. 

Insoluble  Residue, — ^The  insoluble  residue  from  the  attack  of  hydro- 
chloric acid  is,  for  commercial  purposes,  not  usually  examined,  and  is 
generally  returned  as  "insoluble  siliceous  matter."  With  a  view. to 
ascertaining  its  influence  on  the  working  of  the  ore,  it  is,  however,  some- 
times desirable  to  determine  its  exact  composition,  in  which  case  it  may 
be  fused  in  a  platinum  crucible  with  four  times  its  weight  of  an  equal 

^  For  further  detnils,  see  Mr.  Pattinson's  paper,  *  Journal  of  the  Iron  and  Steel 
lutitttte,'  1879,  p.  20». 
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mixture  of  the  carbonates  of  potassium  and  sodium,  and  subsequently 
treated  with  hot  water,  which  dissolves  out  alkaline  sulphates,  if  present, 
together  with  alkaline  silicates.  The  residue,  after  decanting  the  aqueous 
solution  and  washing,  is  treated  with  hydrochloric  acid  and  evaporated 
to  dryness  in  the  usual  way ;  the  filtrate  is  added  to  the  liquid  obtained 
by  evaporating  the  aqueous  solution  to  dryness  with  addition  of  hydro- 
chloric acid,  re-treating  with  hydrochloric  acid  and  filtering.  Should 
insoluble  sulphate  of  barium  or  sulphate  of  strontium  have  been  present 
in  the  ore,  a  precipitate  will  be  at  once  formed,  and  the  insoluble  sul- 
phates are  separated  by  filtration ;  in  the  filtrate  will  be  found  oxide  of 
iron,  alumina,  lime,  magnesia,  &&,  which  may  be  separated  and  estimated 
by  processes  already  described. 

Metallurgy  of  Iron. 

As  has  been  previously  stated,  iron  is  used  in  the  three  principal  states 
of  cast-iron,  steel,  and  wrought-iron,  which  differ  from  each  other  mainly 
in  their  amount  of  contained  carbon,  and  it  is  to  the  production  of  these 
three  substances  that  the  iron-smelter's  operations  are  directed.  Taking  the 
ore  as  a  point  of  departure,  any  one  of  the  three  products  may  be  obtained 
from  it,  either  by  a  single  furnace  operation,  essentially  one  of  reduction  by 
gaseous  or  solid  carbon,  or  by  a  combination  of  two  or  more  alternating 
operations  of  reduction,  oxidation,  Gt  fining,  and  carburizing  or  cementa- 
tion.   The  former  are  known  as  direct  and  the  latter  as  indirect  processes. 

The  direct  production  of  malleable  iron  will  be  first  considered,  as 
representing  the  simplest  and  most  ancient  process,  as  well  as  that  from 
which  all  the  more  complex  methods  have  been  developed. 

Direct  Preparation  of  Malleable  Iron. 

When  a  lump  of  pure  and  easily  reducible  iron  ore,  such  as  soft  red 
haematite,  or  a  brown  iron  ore  formed  by  the  oxidation  of  spathic  ore,  is 
heated  in  a  bed  of  ignited  charcoal  in  a  smelting  fire,  it  is  readily  re- 
duced, and  a  mass  of  metal  obtained  similar  in  shape  to  that  of  the 
ore  treated ;  if  the  lump  is  sufficiently  large,  one  end  may  be  reduced 
and  drawn  out  to  a  bar  or  rod,  while  the  other  remains  as  unaltered 
ore.  The  reducing  agent  is  carbonic  oxide  formed  by  the  action  of  the 
blast  upon  the  fuel  in  excess,  and  the  operation  exactly  represents  the 
essential  features  of  the  primitive  native  methods  of  iron-smelting  prac- 
tised in  forges  by  the  inhabitants  of  India  and  Africa,  and  the  Catalan 
and  Corsican  processes,  which  have  survived  until  recently  in  Europe. 

Dense  and  impermeable  ores,  such  as  rich  magnetite  and  specular 
haematite  in  lumps,  are  unfit  for  the  direct  process,  and  must  be  pulverized 
in  order  to  provide  sufficient  surface  for  the  action  of  the  reducing 
gases,  and  added  by  small  quantities  at  a  time  to  the  bed  of  ignited  charcoal. 
This  condition  is  characteristic  of  the  German  blooming  process,  which. 
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though  now  extinct  in  Europe,  is  still  practised  upon  a  considerable  scale 
in  the  United  States  of  America. 

If,  instead  of  bringing  the  ore  directly  into  contact  with  the  fuel,  the 
latter  be  converted  into  carbonic  oxide  and  passed  through  the  ore  in 
a  chamber  or  retort,  which  may  or  may  not  be  heated  externally,  the 
condition  of  reduction  is  similar  to  that  described  pp.  179-183,  for  the 
production  of  sponge  iron  by  carbonic  oxide.  This  method  is  represented 
in  the  direct  processes  of  Clay,  Chenot,  Blair,  Siemens,  &c. 

Nativb  Forgb  or  Blooming  Frocbsses. — Very  primitive  methods  of 
iron-making  are  still  practised  in  many  localities  in  India,  Burmah,  and 
the  East  Indian  Islands.  The  furnaces  used  are  of  two  kinds,  one  being 
worked  with  an  artificial  blast  and  the  other  without.  These  latter  pro- 
bably represent  an  older  class,  used  before  the  discovery  of  bellows ;  at 
least  such  is  believed  to  have  been  the  case  in  Europe,  as  remains  of 
furnaces  have  been  found  in  many  places  on  hill-sides  exposed  to  the 
wind,  but  far  removed  from  watercourses  whence  power  for  moving 
blowing  engines  or  hammers  could  be  obtained.  These  furnaces  are 
known  as  Windofen  in  Germany,  and  as  hayles  or  holes  in  the  North  of 
England,  where  they  were  employed  for  smelting  lead  ores.  A  Burmese 
furnace  of  this  class  is  described  by  Mr.  W.  T.  Blanford  *  as  having  a 
stalk  about  10  feet  high  cut  in  a  bank  of  sandy  clay,  with  a  solid  wall  in 
front  of  about  3  feet  thick.  The  horizontal  section  is  trapezoidal  with  the 
longer  side  in  front,  the  breadth  increasing  from  1}  foot  at  the  top  to  5^ 
or  6  feet  at  the  bottom,  and  the  depth  from  front  to  back  increasing  from 
21  inches  at  the  top  to  2  feet  at  the  widest  part  about  midway  down,  and 
diminishing  to  1  foot  at  the  bottom.  An  arch  cut  in  the  foot  of  the 
bank  communicates  with  the  rectangular  aperture  at  the  bottom  of  the 
stack,  of  the  full  width  of  the  latter  and  about  a  foot  high.  When  the 
furnace  is  at  work  this  aperture  is  fitted  with  about  20  nozzles  or  tuyers 
of  burnt  clay,  the  intermediate  spaces  being  plastered  up  with  soft  clay. 
When  done,  a  lighted  brand  is  placed  at  the  bottom  of  the  stack,  and  a 
bed  of  charcoal  is  formed,  upon  which  ore  and  charcoal  are  charged 
alternately  in  the  total  proportion  of  about  420  lbs.  of  the  former  to 
437  lbs.  of  the  latter.  In  about  eight  or  nine  hours  after  lighting,  a  hole 
about  four  inches  square  is  cut  through  the  side  of  the  stack  next  the 
bottom  to  allow  the  slag  that  has  accumulated  to  escape,  after  which  it  is 
stopped  and  re-opened  at  intervals  of  about  half  an  hour  until  the  flow 
of  slag  ceases.  The  furnace  is  then  allowed  to  cool  and  the  day  stopping 
at  the  bottom  is  broken  out  to  allow  the  reduced  iron,  which  forms  a  long 
narrow  mass  of  the  shape  of  the  hearth,  to  be  removed.  This  weighs 
from  90  to  120  lbs.,  and  consists  of  reduced  iron  mixed  with  slag  and 
unconsumed  charcoal,  from  which  it  must  be  freed  by  re-heating  in  order 
to  obtain  a  compact  bar. 

In  Bengal  and  the  Northern  and  Central  Provinces  of  India,  furnaces 
blown  by  bellows  are  in  general  use.  The  furnaces  are  made  of  clay, 
1  Percy,  *  Iron  and  Steel,'  p.  271. 
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usually  alluvial  mud  of  a  very  sandy  character,  and  have  stacks  of  a  slightly 
conical  form,  from  3  to  5  feet  high  and  from  18  to  20  inches  diameter, 
with  an  arch  cut  out  at  hottom  for  the  passage  of  the  blast  nozzle,  which 
is  stopped  while  the  furnace  is  at  work.  A  platform  with  a  raised  border 
with  an  upward  slope  projects  from  the  furnace  top  about  3  feet.  This 
is  supported  upon  a  wooden  framing,  and  upon  it  the  ore  and  fuel  are  laid 
before  being  charged  into  the  furnace.  The  bellows  in  use  are  of  several 
kinds  j  a  common  form  has  a  cup-shaped  leather  with  a  central  aperture 
connecting  a  low  cylindrical  box  with  a  nozzle  brought  through  one  side. 
The  box  is  filled  with  air  by  the  action  of  a  bamboo  spring  which  lifts 
the  leather  cover,  and  is  emptied  by  pressing  it  down  with  the  heeL  Two 
such  bellows  are  provided  for  each  furnace,  which  are  worked  by  one  man, 
who  stands  upon  the  leather  cover,  which  rises  and  falls  alternately  as  the 
heel  is  raised  or  depressed  Both  bellows  blow  into  one  tuyer.  The 
ores  smelted  are  chiefly  brown  hsematites  of  various  degrees  of  purity ; 
generally  they  are  broken  small,  and  previously  calcined  with  charcoal 
or  brushwood.  The  manipulation  is  very  similar  to  that  previously 
described.  In  working,  the  smelters  are  very  particular  in  maintaining 
a  flame  at  the  furnace  top  to  prevent  the  escape  of  unconsumed  carbonic 
oxide  on  account  of  its  poisonous  character.  The  operation  lasts  from 
four  to  six  hours,  the  slag  being  tapped  off  at  intervals  in  the  usual 
way.  The  reduced  metal  may  either  be  taken  out  of  the  bottom  or 
preferably  lifted  out  by  a  pair  of  tongs  from  the  top,  which  leaves  the 
furnace  in  working  condition,  and  gives  a  firmly  coherent  mass  of  iron, 
weighing  from  20  to  40  lbs. 

The  natives  of  Borneo  prepare  their  iron  from  clay  ironstone,  which 
is  treated  in  a  furnace  built  of  yellow  clay,  and  tied  round  by  hoops 
of  bamboo.  Its  height  is  a  little  more  than  3  feet,  and  its  external 
diameter  nearly  10  feet,  the  thickness  of  the  walls  being  2  feet ;  it  is 
square  on  the  inside,  narrowing  towards  the  bottom  to  a  rectangular 
hearth,  2  feet  long  by  1  foot  7  inches  wide.  Each  furnace  has  three  clay 
tuyers  with  an  opening  for  running  off  the  slags,  and  an  external  basin 
for  their  reception.  The  blowing-machine  is  a  single-acting  cylinder  of 
wood,  open  at  top  and  closed  at  bottom,  the  blast  being  conveyed  from  the 
lower  end  to  the  tuyer  by  means  of  bamboo  tubes.  The  piston  is  packed 
with  feathers,  and  the  piston-rod  is  attached  to  a  long  bamboo,  which, 
acting  as  a  spring,  brings  it  back  again  when  pressed  down  to  the  bottom 
of  the  wooden  cylinder. 

The  ore,  preparatory  to  smelting,  is  interstratified  with  wood  and 
roasted  in  heaps,  and,  after  being  broken  into  pieces  of  the  size  of  nuts, 
is  mixed  with  ten  times  its  bulk  of  charcoal,  and  charged  into  the 
furnace.  When  it  has  been  two-thirds  filled  with  charcoal,  the  mixture 
of  ore  and  fuel  is  added  in  sufficient  quantity  to  form  a  conical  heap 
above  its  mouth. 

The  piston  is  worked  at  the  rate  of  about  forty  strokes  per  minute ; 
the  slag  is  tapped  off  every  twenty  minutes,  and  a  lump  of  iron,  weighing 
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about  100  lbs.,  is  finally  obtained  This  is  taken  out  at  the  bottom  of 
the  furnace  by  means  of  wooden  tongs,  and  is  removed  to  a  bed  of  slag, 
where  it  is  worked  by  wooden  mallets  into  the  shape  of  roughly  formed 
parallelopipedons ;  such  a  mass  is  the  result  of  the  labour  of  four  men 
during  one  day.  The  mass  retains  much  intermingled  slag,  which  is 
removed  by  dividing  it  into  ten  pieces,  which  are  hammered  out  into  bars 
suitable  for  making  sword-blades,  during  which  operation  a  loss  of  25 
per  cent,  in  weight  is  experienced.  Soft  or  steely  iron  may  be  produced 
at  pleasure  according  to  the  nature  of  the  fuel  employed,  and  the  pro- 
portions of  the  charge. 

The  Catalan  Forok. — Both  on  the  French  and  Spanish  sides  of  the 
Pyrenees  the  method  of  obtaining  malleable  iron  directly  from  the  ore 
has  been  practised  until  recent  times  in  a  furnace 
known  as  the  Catalan  forge.  This  is  a  low 
he  art  1 1  or  D}ieii  fire,  whose  top  is  level  with 
the  floor  of  the  smithy  or  ah  op,  which  receives 
a  blast  from  an  inclined  tuyer  above  it,  as 
shown  in  figs,  35,  36.  The  hearth,  about  30 
inches  deep,  is  enclosed  by  four  walls ;  that  on 
the  side  of  the  tuyer,  r,  known  as  the  poi'ges,  is 
upright  J  and  built  of  henvy  blocks  of  cast-iron ; 
the  opposite  side,  d\  calieti  the  ore,  is  also  of 
cast-iron  block?,  which  are  eurved  outward,  so 
that  the  breadth  of  tlie  furnace  increases  from 
about  2  f*^et  ni  the  Lcjttoni  to  nearly  3  feet  at 
tha  top.  The  third  waU,  a,  or  chio,  about  20 
inches  high,  also  upri^^ht  and  of  cast-iron, 
I1115  n  notch  in  it  at  thti  bottom  for  running 
out  Ibe  Ela^%  The  fourth  pide,  or  cave,  b,  is 
built  of  rouj^fh  masonry  with  a  slight  upward 

batter.  The 
hearth  bottom 
is  made  of  a 
block  of  sand- 
stone slightly 
hollowed  at  the 
top.  The  tuyer, 
N,  is  made  of 
sheet  -  copper 
lapped  round 
without  solder- 
Fig.  85.— Catalan  Forgt  and  Trompe  ;  Tertical  aectian. 


ing.     It  rests  on  the  top  of  the  porges,  and  plunges  at  an  angle  which 
may  be  varied  with  the  requirements  of  the  work ;  the  proper  manage- 
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ment  of  the  blast  being  one  of  the  niceties  of  the  process.     Usually  the 
angle  is  from  35°  to  40"  from  the  horizontal  plane. 

These  forges  are  almost  invariably  placed  on  the  declivity  of  a  hill, 
and  are  supplied  with  air  by  a  water  blowing  machine,  called  a  trompe. 
This  consists  of  a  large  cistern,  A,  which  is  supplied  with  a  constant 
stream  of  water,  and  connected  with  the  box,  C,  by  two  wooden  pipes,  B, 
each  about  20  ft.  in  lenc^th. 


Fig.  36.— Catalan  Forge  and  Trompe ;  plan,  partly  in  section. 

The  lower  box,  C,  which  is  firmly  secured  on  all  sides,  and  closely 
united  to  the  pipes,  B,  is  pierced  with  two  openings,  the  one,  D,  near  the 
bottom  for  the  escape  of  the  water,  and  another  in  the  lid,  at  E,  through 
which  the  air  escapes  into  the  furnace  through  the  tube,  G,  F,  and  the 
nozzle,  T,  which  are  connected  by  a  leathern  hose. 

The  openings  of  the  pipes,  B,  are,  at  their  point  of  junction  with  the 
reservoir,  partially  closed  by  a  sort  of  wooden  funnel,  which  causes  the 
water  to  descend  in  the  middle  portions  of  the  upright  pipes,  instead  of 
adhering  to  and  running  over  their  inner  surfaces,  as  it  would  be  other- 
wise liable  to  do.  A  little  beneath  the  openings  of  these  funnels,  called 
the  etranguUlonSy  small  openings,  ^,  are  cut  in  an  inclined  direction 
through  each  tube ;  these  are  called  the  aspiraieurs^  and  serve  for  the 
passage  of  the  air  drawn  into  the  apparatus  by  the  downward  motion  of 
the  stream  of  water.  The  two  upright  pipes,  B,  are  firmly  secured 
into  the  lid  of  the  lower  box,  C,  and  are  placed  immediately  over,  and  a 
short  distance  above  a  wooden  shelf,  on  which  the  descending  currents  of 
water  are,  by  their  fall,  broken  into  foam. 

The  action  of  the  apparatus  may  be  explained  as  follows  :  the  water 
flowing  from  the  upper  basin.  A,  draws  down  with  it  a  current  of  air, 
which  enters  through  the  holes,  ^,  in  the  vertical  pipes,  B,  and  passes  into 
the  lower  cistern,  C.  The  water  which  is  broken  by  its  fall  on  the  bench 
below,  escapes  by  the  opening,  D,  whilst  the  air  which  has  been  drawn 
with  it  into  the  lower  box,  escapes  by  the  aperture,  K  The  position  of 
the  boards  constituting  the  ^tranguillons  is  easily  regulated  by  means  of 
wedges,  which  allow  of  the  descent  of  a  larger  or  smaller  supply  of  water, 
according  to  the  requirements  of  the  trompe.  In  order,  during  the  work- 
ing of  the  machine,  to  regulate  the  amount  of  air  passing  into  the  furnace 
at  the  different  stages  of  the  operation,  each  of  the  descending  pipes 
is  provided  with  a  plug,  suspended  by  a  lever  and  iron  rod,  by  means  of 
which  the  current  of   water,  and  consequently  that  of  air,  is  readily 
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controlled  by  the  workmen.     The  air  is  delivered  at  a  pressure  of  1 J  to 
2f  inches  of  mercury. 

The  hammer  employed  for  forging  the  iron  produced  has  a  cast-iron 
head,  and  weighs  from  12  to  14  cwts.,  with  a  face  about  16  inches 
long  and  2^  inches  broad.  The  wooden  helve,  frequently  made  of 
beech,  is  hooped  with  iron,  and  carries  a  trunnion-ring  dividing  it  into 
two  unequal  arms,  the  longer  one  being  on  the  side  of  the  anvil.  The 
hammer  makes  from  100  to  150  blows  per  minute,  and  is  raised  by  a 
series  of  cams,  arranged  around  the  axle  of  a  water-wheel,  and  acting  on 
the  tail  of  the  shorter  arm.  The  anvil  is  composed  of  a  block  of  steely 
iron,  fastened  by  a  tenon,  on  a  large  mass  of  cast-iron,  which  is  itself 
securely  bedded  either  on  wooden  piles  or  on  a  heavy  block  of  stone, 
sunk  beneath  the  floor  of  the  foundry. 

In  Older  to  understand  the  method  of  working  this  forge,  let  us  sup- 
pose that  a  mass  of  iron  or  bloom  has  been  just  extracted  from  the 
fumace,  and  that  the  workmen  are  ready  to  clean  out  the  hearUi  for  the 
purpose  of  commencing  another  operation. 

To  do  this  they  first  remove  from  the  hearth  the  burning  charcoal 
which  it  contains,  and  then  carefully  scrape  off  from  the  sides  any  por- 
tions of  scorise,  or  other  fused  matter,  which  may  be  adhering  to  them. 
They  then  throw  burning  charcoal  into  the  hearth,  which  they  subse- 
quently fill  with  this  fuel  up  to  the  level  of  the  tuyer.  The  hearth  is 
now  divided,  either  by  a  shovel  or  by  a  piece  of  sheet-iron,  into  two 
compartments  parallel  to  the  face  of  the  porges,  and  in  such  a  way  that 
the  distance  between  the  porges  and  the  shovel  may 
be  twice  as  great  as  that  comprised  between  it  and 
the  "  ore  "  or  contrerent  Charcoal  is  now  added 
in  the  space  between  the  shovel  and  the  tuyer,  and 
on  the  opposite  side  is  piled  the  ore  reduced  to 
pieces  about  the  size  of  eggs.  The  shovel  is  suc- 
cessively raised  in  proportion  as  the  space  is  filled 
up,  and  in  this  way  a  saddle-backed  heap,  a,  5,  c, 
fig.  37,  is  raised  against  the  contrevent,  which  is 
terminated  in  one  direction  by  the  side  called  the 
chio,  and  in  the  other  by  the  face  of  the  cave.  The 
surface,  a,  b,  is  now  covered  with  damp  charcoal-  ^*-  *^' 

powder,  and  the  space.  A,  between  the  heap  of  mineral  and  the  porges, 
is  entirely  filled  with  fresh  charcoal,  in  pieces  of  moderate  size. 

When  the  hearth  has  been  thus  prepared,  the  trompe  is  set  in  action, 
and  the  blast  admitted.  This  is  at  first  done  with  considerable  caution, 
but  the  blast  is  progressively  increased  until  it  is  allowed  to  play  into 
the  fire  at  its  full  pressure.  Whilst  this  is  going  on,  the  heap  of  broken 
ore  is  gradually  roasted  and  reduced,  and  the  workmen,  taking  advan- 
tage of  this  opportunity,  forge  into  bars  the  mass  of  iron  produced 
by  a  former  operation,  which  for  this  purpose  is  finally  divided  into 
four  separate  pieces,  or  massouqueites.     These  fragments  are  placed  in 
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the  midst  of  the  mass  of  charcoal  lying  between  the  heap  of  ore  to  be 
reduced  and  the  nozzle  which  famishes  the  air  necessary  for  carrying 
on  the  combustion  of  the  fuel,  and,  after  being  duly  heated,  they  are 
placed  under  the  hammer,  by  which  they  are  made  to  assume  the  re- 
quired form. 

As  the  operation  advances,  and  the  fuel  is  consumed,  fresh  char- 
coal is  added  to  supply  its  place,  and  powdered  mineral,  obtained  by 
sifting  the  ore  as  it  comes  from  the  mine,  is  occasionally  sprinkled  over 
the  surface  of  the  fire.  These  siftings,  which  are  called  greilladey 
are  slightly  moistened  with  water,  after  being  thrown  on  the  hearth, 
as  they  would  otherwise  be  liable  to  be  blown  away  by  the  force  of 
the  blast,  and  have  a  tendency  to  pass  too  rapidly  towards  the  bottom  of 
the  fire,  through  the  interstices  occurring  between  the  fragments  of  the 
fuel. 

The  charcoal  in  the  immediate  neighbourhood  of  the  tuyer,  which 
is  subjected  to  the  full  action  of  the  blasts  is  rapidly  consumed  with  the 
formation  of  carbonic  oxide.  This,  from  the  construction  of  the  fur- 
nace, has  to  pass  through  the  openings  left  between  the  lumps  of  mineral, 
before  finding  its  way  into  the  open  air ;  the  mineral,  which  has  now 
lost  all  traces  of  its  volatile  constituents,  and  is  very  strongly  heated,  is 
in  a  great  measure  reduced  by  this  means  to  the  state  of  spongy  metallic 
iron,  while  the  carbonic  oxide  is  at  the  same  time  converted  into  car- 
bonic anhydride,  and  escapes  in  that  form  into  the  atmosphere.  Another 
portion  of  the  oxide  of  iron  present^  instead  of  being  obtained  in  the 
metallic  state  merely  becomes  converted  into  protoxide,  which,  uniting 
with  the  siliceous  matters  of  the  charge,  gives  rise  to  a  large  quantity  of 
very  liquid  slag,  which  accumulates  on  the  bottom  of  the  hearth,  and  ia 
occasionally  drawn  off  br  the  hole  in  the  face  of  the  chio. 

At  the  expiration  of  two  hours  from  the  commencement  of  the 
operation,  the  full  blast  of  the  blowing-machine  is  admitted  to  the  fur- 
nace, and  the  greillade,  which  constantly  descends  with  the  fuel,  begins 
to  furnish  a  certain  quantity  of  slag  and  spongy  iron,  which  accumulate 
at  the  bottom  of  the  hearth.  At  this  stage  of  the  process,  the  founder 
begins  to  prepare  for  the  formation  of  the  nuusS  or  btoarn^  and,  by 
passing  an  iron  bar  between  the  contrevent  and  roasted  mineral,  pushes 
forward  those  portions  of  it  which  he  judges  to  be  in  the  most  forward 
state  in  the  direction  of  the  nozzle  by  which  the  blast  is  admitted. 
Fresh  additions  of  charcoal  and  greillade  are  also  successively  made 
during  the  whole  period  of  the  operation,  and  at  the  expiration  of  about 
five  hours  from  the  time  of  its  commencement,  the  entire  charge  has 
reached  the  bottom  of  the  furnace,  where  the  spongy  iron  is  collected 
by  the  workmen  with  a  long  iron  scraper,  and  formed  into  a  bloom ; 
this  is  afterwards  carried  to  the  hammer,  by  which  the  slag  is  ex- 
pressed, and  its  particles  closely  welded  together  in  a  compact  form. 
When  the  bloom  has  by  this  means  been  welded  into  a  solid  mass,  it  is 
again  put  under  the  hammer,  and  cut  by  a  kind  of  heavy  steel  knife 
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into  two  equal  portions,  called  massoqueSf  which  after  heing  a  second 
time  heated  in  the  furnace,  are  made  to  assume  the  form  of  elongated 
prisms.  Each  of  these  is  subsequently  divided,  by  a  blow  of  the 
hammer  on  the  back  of  the  cutter,  into  two  equal  parts  or  massouquettes, 
which  are  drawn  out  into  bars  during  the  first  period  of  the  succeeding 
operation. 

Each  charge  requires  six  hours  for  its  conversion  into  malleable  iron, 
but  during  the  last  hour  of  fusion,  such  of  the  labourers  as  are  not  others 
wise  engaged  are  occupied  in  breaking  tlie  ores  ready  for  the  next  opera- 
tion, and  sifting  the  greiUade  which  is  to  be  sprinkled  on  the  surface  of 
the  fire. 

In  1841  the  weight  of  ore  treated  at  each  operation,  in  a  hearth  of  the 
laigest  size,  was  about  9^  cwts.,  containing  from  45  to  48  per  cent,  of 
iron ;  the  fuel  consumed  averaged  lOf  cwts.,  and  the  produce  of  bar- 
iron  3  cwts.  The  consumption  of  material  per  100  lbs.  of  bar-iron  was, 
of  ore  312  lbs.,  and  charcoal  340  lbs.;  the  average  cost  of  production  was 
about  £17,  5s.  per  ton. 

In  1868,  according  to  Mussy,  the  product  of  one  operation  weighed 
170  kilogrammes,  and  the  prime  cost  was  as  follows  per  100  kilogrammes : — 

Franca. 
800  kUogmnmes  ore  at  15  francs  per  ton .  4*50 

200  „  charcoal  at  6  francs  „    .        .  .       18*66 

Wi^ 472 

Maintenance  of  plant  and  management    .  .  071 


28*49 
Or  aboot  £11,  8s.  per  ton. 

The  metal  obtained  by  this  method  consists  of  a  variable  mixture  of 
ordinary  and  steely  iron,  the  relative  proportions  of  which  are  regulated  by 
the  way  in  which  the  furnace  is  worked  ;  for  if  considerable  inclination 
be  given  to  the  tuyer,  and  the  siftings  are  plentifully  thrown  on  the 
fire,  the  product  is  chiefly  soft  iron,  whilst  if  the  nozzle  be  more  nearly 
horiEontal  and  the  greillade  but  sparingly  supplied,  a  larger  product  of 
steely  iron  is  the  result. 

Amsrioan  Bloombkt  Frooess. — In  the  northern  parts  of  the  States 
of  New  York  and  Vermont,  adjacent  to  the  Canadian  frontier,  and  at  a 
few  other  localiiies  in  New  Jersey  and  in  Canada,  the  direct  method  of 
making  iron  from  the  ore  is  still  practised  in  a  furnace  very  similar  to 
that  used  for  fining  cast-iron  in  the  so-called  Walloon  or  German  process. 
It  differs  from  the  Catalan  forge  by  being  nearly  square  in  plan,  while 
the  bottom  is  a  cast-iron  plate  cooled  with  water ;  the  tuyer  is  also  of 
east-iron.  The  enclosed  space,  known  as  the  fire-box,  is  about  30  inches 
squaie  and  19  inches  deep  below  the  shelf  or  fire-plate  on  the  working 
side,  and  12  or  14  inches  below  the  tuyer.  The  hearth  is  covered  by  a 
hood  of  brickwork,  enclosing  a  series  of  three  or  more  parallel  syphon 
pipes,  in  which  the  blast  is  heated  by  the  waste  flame  before  it  enters 
the  tuyer.     The  ores  treated  are  chiefly  magnetic,  and  are  either  siftings 
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from  the  larger  lumps  separated  for  the  blast-furnace,  or  concentrates 
obtained  by  crushing  and  dressing  rock  with  interspersed  grains  of  mag- 
netite, and  as  nearly  as  may  be  perfectly  pure.  The  titaniferou?  sands 
of  the  Lower  St.  Lawrence  Valley  have  also  been  used. 

The  working  bottom  of  the  furnace  is  made  of  charcoal-dust  and  the 
slag  from  the  hammering  of  a  preceding  bloom.  Soft  wood  charcoal  is 
used,  and  the  ore  is  charged  upon  it  by  shovelsful  of  about  35  lb&,  from 
one  to  three  being  added  at  a  time  as  soon  as  the  temperature  is  sufficiently 
high.  The  reduced  iron  begins  to  form  a  ball  or  loupe  on  the  hearth 
in  about  ten  or  fifteen  minutes.  The  re-heating  of  the  former  bloom  goes 
on  in  the  same  fire.  The  duration  of  one  operation  or  heat  is  about  three 
hours,  when  4  to  12  cwts.  of  ore  are  treated,  giving  a  loupe  or  ball  of  300 
to  400  lbs.  This  is  forged  or  shingled  under  a  hammer  to  a  bloom  about 
7  inches  square,  which  is  subsequently  reduced  to  5  inches,  and  then  cut 
up  and  finished  to  four  "billets"  each  of  70  or  80  lbs.  About  two  tons 
of  billets  are  made  in  twenty-four  hours  from  one  fire,  consuming  about 
300  to  350  bushels  of  charcoal.  Two  tons  of  dressed  ore,  of  65  per 
cent,  give  one  ton  of  bloom,  or  a  loss  of  30  per  cent.  This  process  is  still 
practised  on  a  considerable  scale  in  the  Adirondack  regions,  whore  blooms 
of  iron  of  great  purity  are  made,  principally  for  conversion  into  steel  by 
the  open-hearth  process.  About  60,000  tons  of  direct  blooms  are  made 
annually  in  the  United  States. 

C0R8ICAN  pROOKSS. — A  method  of  producing  malleable  iron  from  the 
ore,  which  differed  in  many  ways  from  the  Catalan,  was  formerly  used  in 
Corsica  and  on  the  Italian  Mediterranean  coast  The  forge  or  fire,  which 
was  blown  through  a  single  inclined  tuyer  by  the  blast  from  a  trompe, 
had  only  two  permanent  walls,  one  perforated  by  the  tuyer,  and  the 
other  at  right  angles  to  it,  faced  with  an  iron  plate  containing  the  slag- 
hole.  A  platform  of  masonry  about  3  feet  high  carried  the  hearth 
bottom,  which  was  a  layer  of  charcoal-dust  moulded  to  a  semi-elliptical 
or  horse-shoe-shaped  basin,  whose  bottom  was  about  4J  inches  below  the 
tuyer  nozzle.  This  basin  was  enclosed  by  a  wall  of  lumps  of  iron  ore 
(rich  specular  hsematite  from  Elba),  diminishing  in  size  upwards.  The 
interior  of  the  basin  was  divided  into  two  parts  by  a  horse-shoe  wall  of 
large  pieces  of  charcoal,  which  enclosed  a  smaller  interior  well  about  the 
tuyer,  and  a  larger  outer  one  between  itself  and  the  outside  walU  This 
exterior  space  was  further  divided  into  boxes  or  cells  by  two  radial 
ribs,  projecting  from  the  main  wall  of  charcoal  The  outer  cells  were 
filled  with  small  ore  and  dust  resulting  from  the  breaking-up  of  the 
lumps  calcined  in  previous  operations,  and  the  interior  well,  forming  the 
fire-place  proper,  with  large  charcoaL  The  heap,  which  was  about  30 
inches  high,  and  contained  about  10  cwts.  of  ore,  was  covered  with  char- 
coal dust ;  a  few  live  coals  were  placed  before  the  tuyer,  and  a  gentle 
blast  given  by  the  trompe.  As  soon  as  inflammable  gas  appeared  at 
the  top  it  was  ignited,  and  a  moderate  firing  was  continued  for  about 
forty  minutes,  after  which  the  blast  was  turned  full  on  for  about  an 
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hour  moTBy  when  the  first  operation,  or  roasting-process,  was  completed. 
The  heap  was  then  let  down  by  palling  away  the  lumps  of  ore  support- 
ing it  at  the  bottom,  and  the  contents  were  broken  up.  These,  consist- 
ing of  masses  of  agglomerated  ore  from  the  outer  chambers,  which 
were  filled  with  diffused  particles  of  malleable  iron,  and  a  cake  of 
slag  on  the  hearth  bottom,  were,  together  with  the  small  charcoal,  put 
aside  for  the  second  or  fining  process,  while  the  larger  pieces  of  charcoal 
were  used  over  again.  The  lumps  of  ore  forming  the  casing  were 
rendered  friable  by  heat,  and  thus  prepared  for  breaking,  as  a  prelimi- 
nary to  reduction.  For  the  fining  operation,  the  hearth  was  made  up 
witii  charcoal-dust,  carefully  freed  from  earthy  matter  by  washing, 
arranged  on  two  inclined  planes,  so  as  to  form  a  gutter  below  the  tuyer, 
upon  which  a  bed  of  charcoal  was  laid  to  support  the  blooms  of  the 
preceding  operation  while  re-heating  for  conversion  into  bars.  This  re- 
quired about  two  hours,  during  which  time  the  small  ore,  charcoal-dust, 
and  slag  of  the  roasting  operation  were  gradually  charged  into  the  middle 
of  the  hearth.  These,  together  with  the  slags  formed  during  the  re-heat- 
ing; accumulated  in  the  bottom  and  were  tapped  off  in  front.  The 
quantity  of  agglomerated  ore  required  to  form  one  ball  was  then  charged 
in  front  of  the  tuyer  in  two  portions,  the  second  being  added  as  soon  as 
the  first  was  melted  down,  the  operation  being  assisted  by  adding  small 
quantities  of  re-heating  slag  from  time  to  tima 

When  the  iron  had  become  a  coherent  mass  in  the  bottom,  the  decar- 
bnrization  was  completed  by  the  addition  of  a  small  quantity  of  hammer- 
scale  and  finely  divided  ore.  The  blast  was  then  stopped,  water  was 
thrown  into  the  hearth  to  chill  the  surface,  and  the  ball  removed  by 
tongs.  After  beating  it  with  a  wooden  mallet  to  free  it  from  adherent 
slags,  a  staff  or  porter-bar  was  welded  on,  to  be  used  as  a  handle  in  the  sub- 
sequent re-heating  and  forging ;  the  latter  being  done  under  a  water  tilt- 
hammer,  as  in  the  Catalan  process.  The  entire  operation  was  completed 
in  twenty-four  hours,  four  hours  being  required  for  roasting  and  agglo- 
merating, and  four  hours  for  the  refining  and  balling  of  each  fifth  of  the 
agglomerated  charge.  The  iron  was  of  good  quality  though  irregular  in 
composition ;  it  made  very  durable  horse-shoes,  and  was  therefore  some- 
what steely.  The  yield  of  the  ore  was  only  about  38^  per  cent,  out  of 
the  65  per  cent  of  iron  actually  contained,  and  the  consumptioh  of  fuel 
was  about  8|  tons  per  ton  of  iron  produced.  The  forges  only  worked 
during  seven  months  of  the  year,  and  each  made  about  26  tons  of  bar- 
iron,  at  a  cost  of  £19  to  £20  per  ton. 

Brazilian  Progbss. — In  the  central  part  of  the  province  of  Minas 
(Seraes  in  Brazil,  wrought-iron  is  made  from  the  ore  in  a  furnace  called  a 
cadinko,  which  is  either  derived  from  the  German  Stiickofen,  or  has 
been  introduced  from  Africa  by  some  negro  slave.  It  has  a  stack  of 
circular  or  slightly  elliptical  section,  10  or  12  inches  in  diameter,  and 
3|  or  4  feet  high.  The  blast,  produced  by  a  trompe,  is  introduced  by  a 
single  iron  tuyer,  placed  8  inches  abov^  the  bottom,  and  opposite  to  it  a 
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hole  1  foot  square  is  cut  in  the  wall  for  the  removal  of  the  reduced  iron. 
This  is  plugged  with  chareoal-dust  from  Uie  floor  of  the  forge  daring  the 
operation.  Three  stacks  are  built  dose  together,  and  have  a  common 
casing  of  large  stones  of  granite  or  quartzite,  and  t^ere  are  two  such 
blocks  of  three  furnaces  in  each  forge,  but  only  one  is  used  at  a  time. 
When  the  furnace  is  started,  it  is  filled  with  charcoal,  lighted,  and  allowed 
to  bum  until  the  stack  is  half  empty,  when  finely  powdered  rich  specular 
ore  is  added,  in  quantities  not  exceeding  two  pounds  at  a  time,  alternately 
with  f re^  fuel,  the  stack  being  kept  quite  f ulL  The  ore  is  moistened 
with  water  to  prevent  its  being  blown  out  by  the  blast  After  blowing 
for  1}  or  If  hour  the  charging  is  stopped,  the  furnace  bums  down,  and 
the  material  accumulated  on  the  hoarth  is  removed.  This  is  an  agglo- 
merated mixture  of  metal  and  slag,  containing  from  75  to  83  per  cent 
of  iron.  The  slag  is  very  infusible  owing  to  the  small  proportion  of 
silica  (4  to  6  per  cent)  in  the  ore,  and  consists  largely  of  imperfectly 
reduced  mineral  It  contains  81*3  per  cent  of  ferric  oxide,  or  57  per 
cent  of  iron«  By  re-heating,  from  15  to  17  lbs.  of  finished  iron  are 
obtained  from  one  operation,  or  from  If  to  2|  cwts.  from  the  three  fires 
daily.  The  weight  of  fuel  consumed  is  seven  or  eight  times  that  of  the 
iron  produced,  and  the  latter  only  represents  22  per  cent  of  the  actual 
contents  of  the  ore. 

An  improved  furnace  somewhat  resembling  the  Catalan,  known  as  the 
Italian  forge,  is  also  used  to  some  small  extent  It  is  charged  with 
1  cwt.  of  ore,  in  lumps  the  size  of  an  egg,  stacked  against  the  front  wall, 
while  the  space  behind  is  filled  with  charcoal^  on  which  the  ball  of  the 
preceding  operation  is  re-heated  during  the  earlier  stages  of  the  reduction. 
Afterwards  about  an  equal  quantity  of  powdered  ore  is  charged  at 
intervals  with  fi^h  charcoal  The  operation  lasts  3|  or  4  hours.  The 
ball,  as  in  the  preceding  case,  is  much  mixed  with  slag  and  unbnrnt 
charcoal,  and  gives  80  or  90  lbs.  of  iron  when  re-heated  and  finished. 
About  40  per  cent  of  the  iron  in  the  ore  is  reduced,  with  a  consumption 
of  charcoal  equal  to  5^  times  the  weight  of  the  iron  made. 

St&ckofbk. — ^The  StUckofen  or  high  bloomery-fnmace,  which  repre- 
sents the  largest  dev^opment  of  the  small  stac^-fumaces  of  India,  was 
similar  in  shape  to  a  blast-furnace  proper  (such  as  is  used  for  making  cast- 
iron),  with  a  stack  formed  by  the  junction  of  two  conical  f rustra  of  unequal 
slope,  the  base  of  the  upper  or  steeper  one  being  downwards,  and  that  of 
the  lower,  or  more  obtuse  one,  upwioxk;  the  broadest  part,  or  boshes,  in  the 
plane  of  contact  being  about  4  or  5  feet  wide,  and  the  total  height  14  to  16 
feet  Two  tuyers  were  placed  near  the  bottom  of  the  lower  cone,  leaving 
a  space  or  hearth  below  them  in  which  the  reduced  metal  accumulated. 
The  working  was  very  similar  to  that  of  the  Indian  furnace,  charcoal 
and  iron  ore  being  charged  alternately  until  the  latter  wias  smelted  down 
to  produce  from  4  to  6  cwts.  of  iron,  when  the  ball  or  bloom  was  with* 
drawn  by  an  opening  made  in  an  arch  at  the  bottom  of  the  stack, 
which  was  plastered  up  during  the  smelting  process.    The  slag^  resulting 
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from  the  fluxing  of  the  earthy  matter  of  the  ore  and  the  ash  of  the  fuel, 
accumulated  in  the  hearth,  and  was  let  off  hy  a  tap-hole  from  time  to 
time.  The  oomposition  of  si^  of  this  kind  is,  according  to  Kacsten,  as 
follows : — 


»o^ 

PcO. 

A1,0,. 

CiO. 

MgO. 

MnO. 

Total, 

291 

517 

4-3 

2-6 

9-2 

2-9 

99*8 

Three  hlooms  of  the  weight  given  ahove  were  produced  in  twenty- 
four  hours.  This  process^  although  common  at  one  time  in  Europe,  is 
now  almost  extinct.  .  It  was  practised  in  the  Eastern  Alps  and  Thuringia, 
and  more  recently  in  the  Lower  Danubian  territories  and  Finland.  The 
blooms  from  the  last-mentioned  country  are  known  as  '*  Osmund  "  iron, 
and  the  furnace  in  which  they  are  made  is  more  like  an  enlarged  hearth 
than  a  Stlickofen  proper.^ 

Clay's  Process. — ^A  patent  was  granted  to  William  Neale  Clay  in 
1837,  and  another  in  1840,  for  processes  for  the  manufacture  of  iron  by 
welding  together  the  crude  spongy  metal  obtained  by  heating  rich  hssma- 
tite  with  powdered  charcoal  The  method  employed  was  to  crush  the 
better  kinds  of  red  hamatite  into  lumps  not  larger  than  a  walnut^  and 
these,  mixed  with  one-fifth  of  their  weight  of  charcoal,  coke,  coal-slack, 
or  any  other  carbonaceous  materials,  were  subjected  to  a  bright-red  heat 
in  a  clay  retort  or  other  suitable  vessel,  until  the  iron  was  reduced  to  the 
metallic  state.  As  soon  as  the  reduction  was  considered  complete,  the 
spongy  mass  was  transferred  directly  to  a  puddling-fumace,  either  with  or 
without  a  further  addition  of  coke  ;  it  was  then  balled  in  the  usual  way, 
worked  into  blooms  under  a  tilt-hammer,  and  afterwards  rolled  into 
bars.  Experiments  by  this  process  were  first  made  on  a  small  scale  near 
Glasgow,  and  afterwards  on  a  more  extensive  one  in  the  vicinity  of 
Liverpool^  commercially  it  proved  a  complete  failure,  although  iron 
of  fair  quality  was  sometimes  produced.  The  iron  was,  however,  fre- 
quently red-short;  the  chief  cause  of  failure  was  the  length  of  time 
required  for  reducing  the  ore,  and  the  consequent  heavy  expenditure  of 
fuel  and  labour. 

It  was  subsequently  attempted  to  effect  the  reduction  of  the  ore 
directly  in  the  puddling-fumace^  but  here  again  waste,  in  the  shape  of 
cinder,  added  to  a  large  expenditure  of  time,  fuel,  and  labour,  caus^  the 
process  to  be  abandoned  for  one  in  which  a  mixture  of  pig-iron,  crushed 
hsematite,  and  carbonaceous  matter  was  treated  in  the  puddling-fumace. 
The  bar-iron  Ihus  produced  was  tolerably  uniform  in  character,  and  of 
fair  quality,  fetching  about  the  same  price  in  the  market  as  the  better 
descriptions  of  Welsh  bars.  Upwards  of  1,000  tons  of  iron  were  made 
by  this  process,  but  at  such  a  heavy  pecuniary  loss  as  to  cause  it  to  be 
ultimately  abandoned.  Dr.  Percy  remarks  of  this  process,  that  although 
it  was  not  suocessf  al,  it  is  important  that  the  results  obtained  should  be 
placed  on  record. 

1  Perej, '  Iron  and  Steel, '  p.  330. 
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Chbnot's  Procbss. — Specimens  of  Sponges  metdHiquea  or  metallic 
sponges,  obtained  by  the  reduction  of  iron  ore  in  retorts,  were  exhibited 
by  M.  Chenot  at  the  first  International  Exhibition  of  1851  in  London, 
together  with  iron  and  steel  made  therefrom,  and  works  were  erected 
for  carrying  out  the  process  near  Bilbao,  Spain,  in  1852 ;  at  Charleroi, 
Belgium,  in  1856;  at  Pontcharra,  Is^re,  in  1856;  and  at  Hautmont, 
Nord,  in  1867.  But  of  these,  only  the  first  continued  in  operation  for 
any  lengthened  period.  A  modification  of  the  process  was  for  some  time 
employed  by  the  Messrs.  Wright  of  Mostyn  for  the  conversion  of  purple 
ore,  resulting  from  the  humid  treatment  of  copper  ores,  into  puddled 
bars,  but  the  results  were,  commercially,  unsatisfactory. 

By  this  process  the  ore,  if  in  mass,  is  broken  into  lumps  of  about 
30  cubic  centimetres,  or  1^  cubic  inch,  but,  if  pulverulent,  as  in  the  case 
of  oolitic  ores,  it  is  agglutinated,  in  certain  cases  with  the  addition  of 
some  reducing  matter,  such  as  resin,  of  which  about  3  per  cent,  is  added. 
Thus  prepared,  it  is  mixed  with  from  IJ  to  1 J  its  bulk,  or,  by  weight, 
with  19  per  cent,  of  wood-charcoal. 

The  furnace  in  which  the  reduction  is  effected  consists  of  a  cubical 
mass  of  masonry  surmounted  by  a  truncated  cone  of  elliptical  section. 
Two  galleries,  at  right  angles,  traverse  the  supporting  masonry,  leaving 
four  pillars  at  the  angles,  upon  which  are  arches  that  support  the  fire- 
places. Within  are  constructed  two  vertical  rectangular  chambers  or 
retorts,  2  m.  long.  0*50  m.  wide,  and  8*50  m.  high  ;  at  the  bottom  and 
below  the  level  of  the  ground  is  a  pit  for  the  reception  of  the  apparatus 
for  discharging.  The  retorts  slightly  but  gradually  widen  from  the 
top  towards  the  bottom,  in  order  to  facilitate  the  descent  of  the  reduced 
charge ;  around  each  of  these  retorts  is  a  series  of  vertical  flues  com- 
municating, at  bottom,  with  the  fire-places,  and,  at  top,  with  a  flue 
opening  into  the  air.  The  whole  is  firmly  braced  with  bar-iron,  and  the 
bricks  are  made  with  tongues  and  grooves  in  order  to  prevent  displace- 
ment and  leakage. 

If  the  reduced  iron  were  exposed  to  the  air  while  still  hot,  it  would 
take  fire,  and  again  be  converted  into  oxide.  In  order  to  prevent  this, 
a  refroidiasoir^  or  cooler,  of  sheet-iron  is  placed  below  each  retort,  and 
beneath  this  there  is  another  iron  case  into  which  the  metallic  sponge  id 
discharged  when  sufficiently  cooled.  Below  the  latter,  and  on  a  level 
with  the  ground,  is  a  waggon  running  on  rails. 

The  charge  of  a  furnace  with  one  retort  is  1,500  kilos.,  about  1^  ton, 
of  calcined  iron  ore,  and  500  kilos.,  \  ton,  of  wood-charcoal ;  reduction  is 
complete  at  the  expiration  of  three  days,  when  the  freshly  formed  sponge 
is  allowed  to  fall  into  the  cooler,  where  it  remains  three  days.  The 
entire  elaboration,  including  reduction  and  cooling,  thus  occupies  six 
days.  When  perfectly  reduced,  the  iron  sponge  has  a  light-gi-ey  colour, 
is  soft,  and  can  be  easily  cut  into  thin  slices  with  a  knife ;  it  may  bo 
ignited  by  a  match,  when  it  continues  to  bum  until  the  whole  is  conw- 
pletely  oxidized.     Under  a  pressure,  stated  at  3,000  atmospheres,  this 
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sponge  has  been  compressed  to  one-fifth  its  original  bulk.  Great  heat  is 
evolved  during  the  process  of  compression. 

The  process,  as  above  described,  is  known  as  the  external  or  indirect 
method  of  heating ;  by  what  is  termed  the  internal  or  direct  method,  the 
reduction  of  the  ore,  instead  of  being  efTected  by  solid  carbonaceous 
matter,  is  produced  by  a  heated  current  of  carbonic  oxide  gas.  In  this 
case,  the  reducing  chamber  is  connected  with  gas-generators  of  the  usual 
construction,  by  means  of  which  a  gaseous  current,  rich  in  carbonic 
oxide,  is  maintained  upwards  through  the  column  of  ore,  and  bums  at  top 
with  its  characteristic  blue  flame.  A  modification  of  this  direct  method 
of  reduction,  which  was  introduced  by  M.  Tourangin,  is  said  to  have 
been  attended  with  considerable  economy  in  the  cost  of  constructing 
the  furnace. 

The  balling  of  the  sponge  is  effected  in  a  charcoal  hearth  similar  to 
that  employed  for  the  manufacture  of  iron  for  tin-plates  in  South 
Wales.  During  the  hammering  of  the  ball,  jets  of  blue  flame  escape  from 
it  in  all  directions,  and  the  blooms  may  be  rolled  without  re-heating 
into  bars  Ij  inch  square;  these  are  cut  into  lengths,  made  into  piles,  re- 
heated, and  rolled  into  merchant-bars. 

Blair's  Progbss. — ^A  modification  of  Chenot's  process  was  introduced 
by  Ml*.  T.  S.  Blair  at  Glen  wood,  near  Pittsburg,  in  1870,  the  waste  of 
fuel  due  to  the  difficulty  with  which  the  heat  penetrated  the  contents  of 
the  retorts  in  the  former  process  being  obviated  by  applying  fire  to  an 
annular  space  containing  a  mixture  of  ore  and  charcoal  The  reduction 
was  effected  by  gas  produced  from  coke  in  a  special  gas-generator,  the 
heat  developed  in  the  production  of  the  gas  being  utilized  in  the  furnace, 
so  that  no  external  firing  was  necessary.  By  means  of  a  central  tube  on 
the  top  of  each  retort,  about  6  feet  long  and  2  feet  wide,  an  empty 
annular  space  of  about  6  inches  wide  was  enclosed.  The  retorts  were 
heated  externally  by  gas-jets,  and  the  gas  arising  from  the  ore  under 
reduction  was  fired  at  the  top  of  the  pipe,  producing  a  body  of  flame 
that  thoroughly  heated  the  annular  space  through  which  the  mixture  of 
ore  and  charcoal  was  fed  into  the  zone  where  active  reduction  took 
place;  and  as  the  thickness  of  the  layer  of  materials  was  less  than 
6  inches,  instead  of  15  inches  as  in  the  Chenot  retorts,  they  were 
much  more  readily  heated.  The  height  of  the  retort  varied  from  21  to 
45  feei,  and  the  diameter  from  3  to  4  feet  The  sheet-iron  tube  at  the 
bottom  was  surrounded  with  a  water-jacket  in  order  to  expedite  the 
cooling  of  the  sponge-iron.  About  27  cwts.  of  coal  and  8  cwts.  of 
charcoal  were  consumed  per  ton  of  sponge-iron  made  ;  the  loss  of  iron 
in  the  slags  was  from  14  to  16  per  cent.  As  much  as  two  tons  of 
sponge-iron  were  obtained  per  day  from  one  furnace.  It  was  principally 
used  in  open-hearth  steel-making,  the  loss  on  conversion  into  malleable 
iron  in  the  forge  being  considerable.  The  ore  treated  was  a  dense,  pure, 
specular  haematite,  containing  66  per  cent,  of  iron. 

SiSMBNs'  Process. — In  1873  the  late  Sir  C.  W.  Siemens  introduced 
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a  direct  process  of  producing  malleable  iron  from  the  ore,  which  was 
afterwards  experimentally  tried  at  Birmingham,  Sheffield,  and  Towcester, 
as  also  in  the  United  States. 

The  furnace,  of  the  rotative  kind,  somewhat  similar  in  character 
to  that  of  Danka,  was  provided  with  four  regenerators  arranged  for 
gas-firing.  The  rotative  chamber  had  an  aluminous  lining,  made  bj 
grinding  a  bauxite  containing  alumina  52*6,  ferric  oxide  42*26,  and 
silica  4*12  per  cent,  with  3  per  cent,  of  clay  and  6  per  cent  of  black- 
lead.  This,  when  very  strongly  heated,  is  converted  into  an  infusible 
substance  very  similar  to  emery.  The  cylinder  is  closed  by  a  door  at 
one  end,  and  at  the  other  is  a  connection  with  the  gas-passages  and 
regenerators.  The  flame  on  entering  is  directed  to  one  side  of  the 
cylinder  and  returns  by  the  other,  the  admission-  and  discharge-ports 
being  only  separated  by  a  thin  partition  wall  The  lining  is  fettled  with 
hammer-  or  roll-scale  and  cinder  to  a  depth  of  6  or  8  inches,  and  when 
soft,  lumps  of  haomatite  or  rich  cinder  are  thrown  in  to  roughen  the 
surface  and  divide  the  charge  while  rotating.  The  materials  used  were 
calcined  Northamptonshire  ores,  containing  40  per  cent  of  iron  and  above 
2  per  cent  of  phosphorus,  calcined  blackband  of  60  per  cent  produce, 
and  some  mill-fumace  cinder.  Limestone  was  added  sufficient  to  form  a 
moderately  basic  slag.  Coarsely  powdered  bituminous  gas-coal  was  added 
as  a  reducing  material,  to  the  extent  of  from  one-sixth  to  one-fourth  of 
the  total  weight  of  the  ore  and  fluxes.  The  latter  were  broken  to  the  sixo 
of  a  pea,  and  the  whole  thoroughly  mixed. 

According  to  the  size  of  the  furnace  the  charge  varied  fix>m  24  to  50 
cwts.  After  the  gas  was  turned  on,  the  furnace  was  left  stationary  for  a 
few  minutes  and  then  slowly  turned  at  the  rate  of  ]  2  to  15  revolutions  per 
hour.  After  2|  or  3  hours  the  charge  began  to  clot  and  some  fluid  slag 
appeared  ;  the  quantity  of  the  latter  increased  with  the  temperature,  and 
was  partly  tapped  off  from  time  to  time.  Finally,  the  furnace  was  raised 
nearly  to  a  white  heat,  and  the  reduced  iron  was  balled  up  by  a  rabble 
introduced  through  the  end  door,  in  the  same  way  as  in  a  puddling- 
fumaoe.  The  balls  were  shingled  under  a  steam-hammer.  The  time 
required  for  one  operation  was  from  4^  to  6  hours ;  equal  to  four  or  five 
charges  per  day  of  twenty-four  hours.  The  yield  of  blooms  was  73  to 
77  per  cent  of  the  total  iron  contained,  or  from  23  to  27  per  cent, 
passed  into  the  slag. 

The  consumption  of  coal  was  from  32  to  34  owts.  for  heating,  and 
8  to  9  cwts.  for  reduction  on  the  ton  of  blooms  made,  but  under  the  most 
favourable  conditions,  with  rich  ores,  it  was  brought  down  to  30  cwts. 
The  iron,  although  made  from  highly  phosphatic  ore,  was  very  pure,  and 
contained  phosphonis  0*07,  sulphur  0<)3,  and  carbon  0*12  per  cent 
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The  amount  of  iron  contained  is  about  the  same  as  in  those  of  the 
American  bloomery  process. 

This  process  was  not  found  to  be  advantageous  for  making  wrought- 
iron,  as  the  balls  were  of  a  loose,  spongy  texture,  and  difficult  to  dean 
from  the  slag,  which  was  rather  refractory,  so  that  a  second  heating  was 
required.  It  was  afterwards  successfully  adopted  in  making  sponge-iron 
to  be  i^sed  in  open*hearth  steiel-making  both  at  Landore  and  in  the  United 
States. 

The  direct  processes  described  in  the  preceding  pages  may  to  a  great 
extent  be  considered  as  obsolete,  or  likely  to  become  so  in  a  very  short 
time,  as  none  of  the  newer  modifications  have  been  permanently  success- 
ful The  older  forms  have  the  great  advantage  of  not  requiring  any 
large  or  varied  supply  of  materials,  such  as  fluxes  and  building  materials, 
the  furnaces  being  built  of  any  sandy  clay  or  mud,  and  the  ore  fluxes 
its  own  earthy  waste.  The  iron  is  of  excellent  quality,  even  when  the 
ores  are  somewhat  inferior,  and  better  than  that  made  from  them  by 
more  elaborate  processes ;  but  against  this  must  be  placed  the  enormous 
waste  of  fuel  and  labour  consequent  on  the  small  scale  of  the  operation. 
There  is  also  a  large  amount  of  ore  wasted  owing  to  the  consumption  of 
iron  as  a  fluxing  material,  but  this  is  of  less  consequence  where  it  can 
be  easily  obtained. 


Indibbct  Method  of  Obtaining  Iron — Peoduction  ofPig-Ibon 

AND  SUBSBQDBNT  Ck)NVBBSI0N  INTO  MaLLBABLE  IbON. 

When  fii^ely  divided  iron  is  exposed  to  the  action  of  carbon,  whether 
solid  or  as  a  gaseous  compound,  at  a  high  temperature  for  a  sufficient 
length  of  time,  it  becomes  carburetted  to  a  maximum,  producing  cast- 
iron  which  is  fusible,  and  which  may  be  collected  in  a  molten  state. 
This  condition  is  always  realized  to  some  extent,  even  in  the  smallest 
Hindoo  furnaces,  where  particles  of  reduced  iron,  that  have  been  separated 
from  the  main  mass  in  tiie  hearth  and  become  entangled  in  the  residual 
slags,  remain  for  a  sufficient  time  under  the  influence  of  the  carbonaceous 
fuel,  and  are  cemented  into  well-melted  globules  of  cast-iron.  These 
are  collected  by  breaking  up  and  washing  the  slag,  and  are  used  as 
slag9  or  buckshot  for  large  game-shooting  by  the  natives,  and  also  for 
steeling  the  edges  of  iron  tools.  The  small  bulk  of  the  particles  of 
molten  metal  in  this  case  keeps  them  isolated  in  the  viscid  slag,  but 
nvhen  they  are  larger  and  more  numerous,  they  overcome  the  resist- 
ance of  the  fluid  slj^  and  run  together,  so  a^  to  collect  at  the  bot- 
tom of  the  furnace  in  one  mass.  This  is  what  actually  happened  in 
the  working  of  the  Stlickofen,  when  liquid  cast-iron  was  commonly 
run  out  in  some  quantity  with  the  slag  before  drawing  the  reduced 
lump  pf  iron;  and  it  is  generally  supposed  that  the  modem  blasts 
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furnace  has  been  developed  fiom  the  Sttickofen.  For  the  systematic 
production  of  cast-iron,  however,  something  more  than  a  mere  increase 
in  the  size  of  the  furnace  is  necessary,  namely,  the  substitution  of 
metallic  bases  (calcium,  magnesium,  and  aluminium),  whose  oxides  are 
not  reducible  by  carbonic  oxide,  for  iron,  as  a  means  of  fluxing  the  silica 
of  the  ore  and  fuel  In  other  words,  earthy  fluxes,  such  as  limestone, 
dolomite,  and,  to  a  less  degree,  shale  and  iMiuxite,  are  used  to  produce 
fusible  slags,  instead  of  sacrificing  a  considerable  proportion  of  the  iron 
in  the  ore,  as  is  done  in  all  direct  processes.  By  appropriately  varying 
the  fluxes,  the  reduction  of  the  ore  may  be  accelerated  or  retarded,  and 
the  simultaneous  separation  of  other  elements,  such  as  phosphorus  and 
silicon,  and  their  combination  with  the  reduced  and  carburized  iron 
promoted  or  impeded  within  very  considerable  limits,  so  that  products 
differing  widely  in  physical  properties  may  be  obtained.  All  of  these, 
however,  have  the  common  property  of  fusibility  at  the  maximum  tem- 
perature prevailing  in  the  furnace,  and  therefore  bear  the  common  name 
of  cast-iron. 

The  result  of  dry  assay  shows  that  cast-iron  may  be  rapidly  produced 
from  the  ore  when  it  is  intimately  mixed  with  reducing  carbon  and  the 
necessary  fluxes,  and  heated  from  an  exterior  source.  This,  however,  is 
not  practicable  on  a  large  scale,  where  the  heat,  produced  by  the  rapid 
oxidation  of  carbon  at  the  bottom  of  the  furnace,  is  made  to  act  upon 
the  materials  or  burden  in  the  body  of  the  apparatus  by  passing  the 
highly  heated  gaseous  products  of  combustion  through  them«  This  sup- 
poses that  these  substances  shall  be  so  loosely  stacked  as  to  allow  a 
free  passage  for  the  gases,  while  there  is  practically  sufficient  surface 
for  the  exercise  of  their  reducing  action.  In  other  words,  the  ore  and 
flux  must  be  in  fragments  of  appropriate  size,  dust  ores  being  excluded 
as  choking  up  the  circulation  of  the  gases,  while  excessively  large  lumps 
may  pass  through  unreduced,  producing  ferriferous  slags  and  other  de- 
rangements in  the  furnace.  It  is  therefore  often  necessary  to  subject 
the  materials  to  a  preliminary  breaking,  and  more  generally  to  calcina- 
tion, and  as  these  operations  are  of  considerable  importance,  they  will 
be  considered  before  discussing  smelting  operations  proper. 

Preparation  of  Iron  Ores. 

Wabhino,  &c. — The  pisolitic  ores  of  Central  France,  and  to  some 
extent  those  of  South  Grermany,  are  often  associated  with  a  considerable 
quantity  of  clay  and  sand,  from  which  they  may  be  in  great  part  freed  by 
washing  in  a  current  of  water,  by  a  pug-mUl,  or  by  some  analogous  con- 
trivance ;  the  rough  ore,  when  compact^  being  first  broken  by  suitable 
machinery  or  by  hammers.  Various  simple  contrivances  of  this  sort  will 
be  found  in  the  older  metallurgical  works.  At  the  present  time  the  prin- 
cipal apparatus  used  is  the  washing-drum  or  irommd.  This  is  a  cylin4er 
or  cone  of  wrought-iron  10  to  15  feet  long,  with  its  axis  inclined  about 
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l5  degrees  from  the  horizontal  position,  which  receives  a  slow  motion  of 
rotation  by  toothed  gearing,  llie  stuff  is  fed  in  at  the  upper  end  and 
travels  slowly  down  the  inclined  surface,  while  a  jet  of  water  traverses 
it  in  the  opposite  direction.  This  carries  the  sand  and  lighter  waste 
out  at  the  top,  the  cleaned  ore  being  delivered  below.  The  oi-e  remains 
about  ten  minutes  in  the  drum,  or  about  10  tons  of  stuff  are  washed  per 
hour.  A  six-horse  engine  is  sufficient  to  drive  it.  This  includes  the 
power  necessary  for  an  elevator  lifting  the  ore  about  30  feet. 

In  order  to  attain  regularity  in  working,  it  is  desirable  that  the  charges 
of  ore  and  fluxes  should  be  reduced  to  fragments  of  nearly  uniform 
dimensions.  The  size  of  these  should  be  regulated  in  accordance  with 
the  height  of  the  furnace  and  the  greater  or  less  degree  of  facility  with 
which  the  ore  is  capable  of  becoming  reduced.  In  the  hsBmatite  districts 
of  Lancashire,  it  is  usual  to  break  both  ore  and  fluxes  to  the  size  of 
ordinary  road-metal ;  and  in  Sweden  the  hard  magnetic  ores  of  the 
country  are,  after  roasting,  reduced  to  a  still  smaller  size  ;  the  ore  in  the 
Cleveland  district  is,  on  the  contrary,  charged  into  the  furnaces  in  blocks 
from  4  to  6  inches  cube.  These  large  masses  can,  however,  be  only  used 
in  furnaces  of  great  height,  in  which,  by  the  slow  descent  of  the  charges, 
sufficient  time  is  allowed  for  the  complete  permeation  of  heat  through 
them,  while  their  size  allows  a  free  passage  for  the  upward  current  of 
gases.  Smaller  pieces,  although  exposing  a  larger  surface  to  the  action 
of  the  reducing  gases  of  the  furnace,  pack  more  closely  together,  and 
consequently  offer  greater  resistance  to  the  blast  The  ores  may  be 
broken  either  by  manual  labour  or  by  machinery,  but  there  are  now  but 
few  localities  where  the  older  methods  of  breaking  can  be  advantageously 
employed,  unless  hand-picking,  for  the  removal  of  siliceous  gangue  or 
of  some  injurious  associated  mineral,  is  at  the  same  time  resorted  to. 
Various  contrivances  are  employed  for  the  reduction  of  iron  ore  to  frag- 
ments of  a  size  suitable  for  the  blast-furnace,  but  of  these  the  well-known 
Blake's  stone-breaker  is  most  generally  used. 

A  machine  of  this  description,  with  crank-shaft  making  from  200  to 
250  revolutions  per  minute,  and  having  jaws  20  inches  in  depth  and 
from  9  to  10  inches  in  width,  will,  with  an  expenditure  of  15-horse 
power,  crush  from  10  to  12  tons  of  hard  red  haematite  per  hour  into 
fragments  containing,  on  an  average,  4  cubic  inches. 

The  comers  of  the  movable  jaw  are  liable  to  become  worn  or  broken 
off  by  use,  and  the  crashing-faces  are  therefore  so  made  as  to  admit  of 
being  readily  replaced  in  case  of  accident  or  when  worn  out.  The  most 
serviceable  material  for  the  crushing-surfaces  is  obtained  by  the  use  of  a 
mixture  of  mottled  cast-iron  and  franklinite  spiegeleisen  cast  in  chills. 
Softer  ores  require  proportionately  less  power ;  from  3  to  4-hor8e  power 
is  sufficient  for  spathic  ores  and  limestone. 

At  Eisenerz  in  Styria,  crushing-rolls,  somewhat  similar  to  those 
employed  in  Cornwall  for  crushing  copper  ores,  are  used  for  the  reduc- 
tion of  ironstone  to  a  suitable  size  for  the  furnace.     These  are  chiefly 
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made  use  of  for  breaking  ores  which  have  been  previously  roasted^  and 
appear  to  be  very  efficient  for  this  purpose. 

A  pair  of  such  rolls,  set  at  a  distance  of  1^  inch  apart  and  provided 
with  springs  to  prevent  breakage,  in  case  of  hard  pieces  of  raw  ore 
being  introduced,  will,  with  an  expenditure  of  about  20-hor8e  power, 
reduce  40  tons  per  hour  of  roasted  spathic  ores  to  a  size  suitable  for 
the  furnace.  In  order  to  do  this,  the  rolls  make  about  36  revolutions 
per  minute,  and  the  ore,  when  introduced  in  fragments  of  from  20  to 
30  cubic  inches,  is  delivered  at  a  maximum  size  of  from  4  to  5  cubic, 
inches.  By  slightly  reducing  the  distance  between  the  rolls,  and  increas- 
ing their  speed  to  42  revolutions  per  minute,  from  60  to  70  tons  of 
calcined  ore  may  be  broken  per  hour  witb  an  expenditure  of  about 
24-horse  power. 

Tilt-hammers  and  stamps  are  used  for  breaking  and  crashing  magnetic 
ores  in  Sweden  and  in  the  Adirondack  district  in  New  York,  but  these 
are  mostly  survivals  of  antiquated  establishments. 

WiCATHERiNG  OP  Iron  Obbs. — The  aigiUaceous  nodular  ironstones  of 
the  Coal-measures  is  often  contaminated  with  fragments  of  adhering 
shale,  which,  when  first  raised,  are  not  readily  separated,  but  by  exposure 
to  atmospheric  influeooes  oxidation  and  exfoliation  are  induced,  and  the 
removal  of  the  associated  rock  becomes  easy.  Ores  also  which  contaia 
sulphides,  such  as  iron  or  copper  pyrites,  when  exposed  to  air  and  mois- 
ture, become  gradually  purified  by  the  formation  of  soluble  sulphates, 
ii^hich  are  finally,  to  a  great  extent,  removed  by  rain.  This  process  o£ 
weathering  iron  ores  with  a  view  to  the  removal  of  sulphur  in  the 
form  of  sulphates  is  much  more  effective  when  applied  to  them  after 
roasting,  and  this  method  of  treatment  is  consequently  most  frequently 
adopted. 

When  spathic  ores  are  subjected  to  weathering  in  their  raw  state,  the 
oxidation  of  sulphides  and  the  removal  of  the  resulting  sulphates  is 
usually  accelerated,  during  dry  weather,  by  lixiviating  the  heaps  with 
water,  and  also  by  occasionally  turning  them  over  so  as  to  expose  fresh 
surfaces.  Hard  siliceous  ores  are,  in  the  Hans,  subjected  to  this  treat- 
ment for  several  years  before  being  smelted,  but  it  is  evident  that  this 
could  only  be  carried  on  in  the  case  of  works  of  limited  capacity,  since, 
for  a  large  establishment,  the  amount  of  ground  which  would  be  thus 
occupied  would  be  so  great  as  to  render  the  operation  practically  impos- 
sible. 

Spathose  ores,  when  thus  treated,  experience  at  the  same  time  a  super- 
ficial transformation  into  brown  haematite,  and  the  same  change  takes 
place,  to  a  more  limited  extent,  with  nodules  of  clay  ironstone,  more 
particularly  when  carbonaceous  matter  is  not  present,  or  when  its  amount 
is  very  small. 

It  is,  however,  important  that  care  should  be  taken  that  the  weather- 
ing of  the  ores  be  not  carried  too  far,  as  they  would  then  be  liable  to  fall 
into  powder,  and  become  unfitted  for  treatment  in  the  blast-furnace. 
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Otes  coniaiDing  much  calcium  carbonate  cannot  be  subjected  to  a  pro- 
longed weathering  after  calcination,  since  the  slaking  of  the  lime  produced 
daring  the  process  of  roasting  would  lead  to  the  disintegration  and 
crumbling  of  the  ore. 

In  some  of  the  smaller  iron-works  in  Germany  siliceous  hnmatites  and 
magnetites  containing  pyrites  are,  after  crushing  and  washing,  exposed 
to  the  air  for  a  period  of  from  two  to  three  years,  in  heaps  of  about  three 
feet  in  height,  and  are,  during  that  time,  repeatedly  washed  with  water. 
After  being  thus  treated,  they  are  again  passed  through  the  crusher,  and 
lixiviated  with  water  during  the  whole  of  the  following  summer.  At 
Altenau,  ores  of  this  class  are,  after  roasting,  exposed  for  one  year  to  the 
action  of  the  rain  and  air  before  smelting. 

Carbonate  of  calcium  in  such  ores  is,  however,  a  great  obstacle  to  the 
removal  of  the  sulphur  by  lixiviation  after  roasting,  sinee  the  caustic 
lime  formed  decomposes  the  soluble  sulphates  of  iron  and  copper,  causing 
those  metals  to  be  deposited  in  the  form  of  hydrated  oxides,  with  forma- 
tion of  calcium  sulphate  or  gypsum.  Calcium  sulphate,  although,  to  a 
certain  extent,  soluble  in  water,  is  much  less  so  than  the  corresponding 
salts  of  iron  or  copper,  and,  consequently,  the  sulphur  is  removed  with 
difficulty;  under  these  circumstances  any  copper  which  may  be  present  is 
retained  by  the  roasted  ore. 

The  removal  of  phosphorio  acid  from  roasted  ores  by  hydrochloric 
acid  has  been  attempted,  but  without  success ;  at  Kladno,  in  Bohemia, 
sulphurous  anhydride  was  employed  for  the  same  purpose,  and  the  results 
are  stated  to  have  been  satisfactory ;  but  sinee  the  introduction  of  the 
Thomas  and  Gilchrist  process  such  treatment  has  become  unnecessary. 

Boasting  or  Calcination  op  Ibon  Obhb. — ^AU  iron  ores,  with  the 
exception  of  certain  varieties  of  magnetite  and  massive  red  hssmatites, 
are  usually  subjected  to  a  process  of  roasting  or  calcination  before  being 
taken  to  the  smelting-f  umace.  B^  this  treatment  water,  carbonic  anhy- 
dride, and  other  volatile  matters  are  expelled,  and,  as  the  fragments  of  ore 
retain  very  nearly  their  original  size  and  form,  they  thereby  acquire  a 
degree  of  porosity  which  mctiberially  facilitates  the  changes  which  they 
subsequently  undeigo  in  the  furnace.  The  roasting  of  iron  ores  has  also 
the  effect  of  decomposing  metallic  sulphides,  such  as  iron  pyrites,  the 
whole  of  the  sulphur  being  ultimately  expelled,  if  the  temperature  be 
suflBciently  high ;  the  metal  remaining  as  an  oxide.  Ferrous  compounds, 
such  as  spathic  ores,  absorb  oxygen,  chiefly  with  production  of  magne* 
tic  oxide,  but  when  magnetite  is  itself  subjected  to  calcination  it  often 
becomes  externally  covered  with  a  coating  of  peroxide.  This  action  of 
oxygen,  although  resulting  in  a  greater  expenditure  of  fuel  for  the 
reduction  of  the  iron  to  the  metallic  state,  has  an  important  practical 
advantage,  since  ferric  oxide  is  much  more  indifferent  to  the  action  of 
aihca  at  high  temperatures  than  is  feiroua  oxide ;  the  latter,  under  such 
conditions,  forming  with  it  a  highly  basic  slag,  from  which  metallic  iron 
can  only  be  obtained  with  difficulty. 
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The  roasting  of  iron  ores  is  effected  either  in  damps  or  open  heaps^'  in 
heaps  within  walled  enclosures,  or  in  furnaces  or  kilns. 

lioasting  in  Open  Heaps, — This  method  is  principally  resorted  to  in 
localities  in  which  fuel,  as  compared  with  the  price  of  lahour,  is  cheap, 
but  it  has  the  disadvantage  of  not  only  uselessly  consuming  a  large 
amount  of  wood  or  coal,  but,  from  the  imperfect  distribution  of  the  heat» 
the  interior  of  a  pile  is  often  fused  into  a  compact  mass  before  other 
portions  are  sufficiently  roasted. 

At  Eonigshiitte,  in  the  Harz,  calcareous  iron  ores  are  roasted  during 
from  eight  to  fourteen  days  in  heaps  of  the  shape  of  a  truncated  pyramid, 
60  feet  square  at  the  base,  and  9  feet  in  height 

The  floor  on  which  these  are  built  is  made  of  slag,  upon  which  is  laid 
a  bed  of  ironstone  6  inches  thick,  on  which  a  stratum  of  small  coal  of 
the  same  thickness  is  placed.  Alternate  layers  of  ironstone  and  coal  are 
then  added,  in  such  a  way  that  towards  the  top  the  thickness  of  the  layers 
of  ore  is  increased  to  10  inches,  while  that  of  the  coal  decreases  to  3 
inches.  One  cubic  foot  of  small  coal  is  required  to  roast  3  cubic  feet 
of  ironstone. 

Blackband  ores  are  generally  roasted  without  any  addition  of  fuel,  as 
they  usually  contain  a  sufficient  amount  of  combustible  matter  to  burn  by 
themselves  when  once  fairly  lighted.  Some  varieties  of  blackband  re- 
quire a  small  addition  of  fuel,  but  in  the  case  of  such  ores  their  roasting 
is  much  facilitated  by  removing  the  smaller  fragments  by  screening. 

The  blackband  ores  of  Hasslinghausen,  in  Westplialia,  contain  from 
15  to  30  per  cent  of  carbon,  and  are  roasted,  without  addition  of  fuel,  in 
heaps  three  feet  in  height,  and  of  any  convenient  length  and  breadth.  At 
Heinrichshutte  similar  ores  are  roasted  during  from  one  to  three  months, 
in  heaps  10  to  15  feet  in  heigh t»  20  to  30  feet  in  breadth  at  the  base, 
and  of  varying  lengths.  Ores  containing  a  large  percentage  of  carbon 
are  calcined  in  larger  fragments  than  those  which  are  comparatively  poor 
in  combustible  matter. 

Ironstone  very  rich  in  carbon  should,  in  order  to  prevent  caking, 
be  calcined  in  heaps  not  exceeding  3  feet  in  height,  whilst  ores  poor 
in  coaly  matter  may  be  roasted  in  heaps  of  much  greater  height  In 
order  to  ignite  these  heaps,  they  are  either  surrounded  by  a  channel  filled 
with  wood,  or  holes  are  left  in  them  at  regular  distances,  which  are  either 
filled  with  wood  or  with  glowing  iron  ore  from  a  heap  already  in  process 
of  calcination.  The  regulation  of  the  temperature  of  open  heaps  is  some- 
what difficult  to  manage,  and,  consequently,  a  partial  fusion  of  the  ore 
sometimes  takes  place,  whilst  at  others  the  roasting  is  not  complete  in 
certain  portions  of  the  pile. 

To  prevent  this  irregularity  in  the  results  obtained,  the  following 
arrangement  is  adopted  in  some  parts  of  Westphalia.  Heaps  120  feet 
long,  30  feet  broad,  and  4  feet  high  are  enclosed  between  walls  built  of 
the  larger  pieces  of  ore,  small  openings  being  left  at  intervals  of  about 
12  feet  along  the  sides.      These  draught-holes  communicate  with  pas- 
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nges  in  the  interior  of  the  heap,  filled  with  wood.  The  larger  blocks 
are  placed  along  these  passages,  whilst  the  finer  ore  is  piled  against  their 
sides  in  order  to  admit  the  flame  as  much  as  possible  into  the  interior  of 
the  heapi  After  the  pile  has  become  fully  ignited,  the  surrounding 
wall  of  ore  is  taken  down  and  thrown  upon  places  in  which  the  fir^  may 
exhibit  a  tendency  to  come  too  quickly  to  the  surface.  A  heap  of  the 
above  dimensions  will  contain  about  17,000  cubic  feet  of  ore,  and  usually 
takes  a  month  to  bum  completely  out 

Ores  containing  a  large  amount  of  coaly  matter  and  pyrites  are  very 
liable  to  become  so  highly  heated  that  the  fragments  near  the  middle  of 
the  heap  become  fused  into  lai*ge  masses.  To  avoid  this  caking,  such 
ores  are,  in  Westphalia,  roasted  in  heaps  only  2  feet  in  height,  and, 
when  this  has  burned  out,  but  before  it  has  cooled,  a  similar  layer  is 
pkced  upon  the  first ;  in  some  cases  a  third  is  added  after  the  second  has 
burned  out. 

As  the  presence  of  reducing  gases  tends  to  prevent  the  complete 
oxidation  of  sulphur,  Grundmann  recommends  that  the  heaps,  when  they 
contain  much  pyrites,  should  be  covered  with  a  coating  of  small  ore  in 
order  to  condense  the  sulphur  volatilized  without  oxidation.  This  coating 
is  afterwards  carefully  taken  off;  the  sulphates  remaining  in  the  heaps 
being  removed  by  long-continued  exposure  to  air  and  occasional  watering. 
He  also  recommends  piling  the  blocks  of  ironstone  with  their  planes  of 
stratification  in  a  vertical  position,  to  facilitate  the  escape  of  sulphur ; 
since  the  pyrites  contained  in  such  ores  is  usually  found  interlaminated 
between  the  divisional  planes. 

In  South  Wales  and  Staffordshire  the  calcination  of  ironstone  in 
clamps  is  generally  effected  as  follows  : — ^A  bed  of  coal,  a  few  inches  in 
thickness,  is  spread  upon  the  level  surface  of  the  ground,  and  covered 
with  a  layer  of  ore  about  1  foot  in  depth ;  this  is  followed  by  fresh  layers 
of  coal  and  ironstone,  until  the  height  of  the  pile  has  reached  from  4  to 
5  feet  It  is  then  lighted  at  bottom,  and  continues  to  bum  until  the 
whole  of  the  fuel  has  been  consumed.  Should  the  fire  in  any  part  of 
the  heap  come  too  rapidly  to  the  surface,  it  must  be  damped  with  some 
ore  or  ashes,  in  order  to  prevent  a  partial  fusion  of  the  mass ;  the 
loss  in  weight  varies  from  28  to  33  per  cent.,  and  about  2  cwts.  of 
small  coal  and  }  cwt.  of  large  coal  are  consumed  for  each  ton  of  ore 
roasted. 

In  Staffordshire  and  Scotland  blackband  ironstone  is  calcined  in  piles 
which  have  generally  a  trapezoidal  form,  and  vary  from  3  to  9  feet  in 
height  In  order  to  avoid  the  production  of  too  high  a  temperature  the 
smaller  heaps  are  to  be  preferred  for  ores  containing  a  large  proportion 
of  combustible  matter.  The  spathic  carbonates  of  South  Wales,  locally 
known  as  "  coal  brasses,"  are  particularly  liable  to  become  fused  during 
the  process  of  calcination,  and  should  consequently  be  roasted  in  heaps  of 
very  moderate,  dinienpions. 

EooBling    between   WcdU, —  By  roasting  within  walled  areas,  the 
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draught,  and  consequently  the  temperature,  can  be  more  easily  regulated 
than  in  heaps  not  so  protected;  a  better  calcination  is  also  effected 
with  a  smaller  expenditure  of  fuel  The  expense  of  both  fuel  and 
labour  is,  however,  greater  than  in  kiln-roasting,  and  the  results  ob- 
tained are  less  constant  and  uniform.  Three  sides  of  a  square,  or  rect- 
angular area,  are  usually  enclosed  within  walls,  of  which  the  height  may 
vary  from  6  to  12  feet,  according  to  the  nature  of  the  ores  to  be  calcined, 
and  the  floor  is  in  such  cases  more  or  less  inclined.  Two  ranges  of 
draught-holes,  about  4  inches  square,  are  left  in  these  walls  at  regular 
intervals,  the  lower  series  being  close  to  the  ground  and  the  upper  row 
about  3  feet  above  them.  When  the  enclosed  area  is  very  laige  it  is  pro- 
vided with  aiivshafts,  which  are  made  by  building  up  lai^  masses  of  ore, 
so  as  to  form  chimneys  in  the  interior  of  the  heap,  to  which  ak  has  access 
through  a  system  of  flues  formed  on  the  floor.  These  flues  are  sometimes 
replaced  by  a  layer  of  wood,  so  arranged  as  to  admit  of  a  circulation  of  air 
to  the  chimneys.  This  method  of  roasting  is  not  employed  in  this  country, 
but  is  practised  to  some  extent  in  the  Han,  where  clay  ironstone  is  cal- 
cined with  an  expenditure  of  irom  6  to  8  per  cent  of  charooai-dust  or 
breese. 

Roc^gting  in  Fwrno/tei  or  f  i{n8.«^This  method  of  calcination  is  gene- 
rally to  be  preferred  to  the  ruder  processes  before  described,  since  it  is 
not  <»ly  more  economical  as  regards  the  consumption  of  fuel,  but  the 
temperature  is  also  more  completely  under  control ;  the  product  obtained 
is  consequently  of  a  more  uniform  character.  The  furnaces  or  kilns  are 
generally  so  constructed  as  to  allow  of  the  operation  being  carried  on 
continuously,  the  raw  ironstone  being  introduced  at  the  top,  while  the 
calcined  ore  is  withdrawn  from  the  bottom.  The  constructioKi  of  the 
kilns  employed  for  this  purpose  varies  considerably  in  different  districts; 
but  the  principle  of  working  is,  with  but  few  exceptions,  everywhere  the 
same.  A  layer  of  fuel  is  first  placed  at  the  bottom,  and  this  is  covered 
with  layers  of  ore  and  fuel  alternately,  until  the  internal  cavity  of  the 
apparatus  has  been  filled  to  the  top.  The  ore,  as  it  becomes  roasted,  is 
withdrawn  at  the  bottom,  where  atr  is  admitted,  and  the  next  layer 
descends  to  take  its  place,  the  deficiency  being  made  good  by  fresh 
charges  of  ore  and  fuel  at  the  top.  In  exceptional  cases,  the  heat  is  sup- 
plied by  fuel  burned  in  side-grates,  in  such  a  way  that  the  flame  and  heated 
gases  only  have  access  to  the  interior  of  the  kiln.  In  Sweden,  instead 
of  using  solid  fuel,  the  roasting  of  iron  ores  is  frequently  effected  by  heat 
developed  by  the  combustion  of  waste  gases  from  the  bkst-fumace. 

Kilns  of  moderate  size  are  usually  made  either  of  a  cylindrical  or 
conical  form,  but  very  large  ones  have  generally  either  a  flattened, 
elliptical,  or  rectangular  horizontal  section ;  the  comers  in  the  latter 
case  being  rounded  off  In  large  kilns  with  a  circular  horizontal  section 
it  is  found  difficult  to  maintain  a  uniform  temperature,  and  the  ore  in 
the  centre  is  consequently  liable  to  agglomerate  from  becoming  too  highly 
heated. 


IRON, 


191 


At  the  mines  of  GoUrath,  near  Mariazell,  Styria,  the  ores  chiefly 
consist  of  undecomposed  spathic  ironstone,  iii^ith  small  quantities  of 
hrown  haematite,  resulting  from  the  decomposition  and  oxidation  of  car- 
bonate of  iron.  The  calcination  of  these  ores  takes  place  in  con- 
tinuously working  kilns,  in  which  coal-dust,  which  could  not  otherwise 
be  utilized,  is  the  fuel  employed.  The  form  and  dimensions  of  the  fur- 
naces employed  vary  in  accordance  with  the  nature  of  the  ores  to  be 
treated,  lump  ore  being  generally  roasted  in  round  kilns,  9  feet  in  dia- 
meter and  11  feet  in  height.  The  finer  ores  are,  on  the  contrary,  roasted 
in  a  large  furnace,  80  feet  in  length  and  35  feet  in  width,  of  which  figs. 
38,  39,  and  40  represent  a  longitudinal,  horizontal,  and  transverse  section 
respectively. 


Fig.  88.— Roasting- Kiln,  Styria ;  longitudinal  section. 

The  complicated  system  of  air-holes  shown  in  the  drawings  is  neces- 
sary on  account  of  the  comparatively  fine  state  of  division  of  the  ores, 
which  interferes  with  the  draughty  and  tends  to  prevent  the  regular  calci- 
nation of  the  ironstone.  This  apparatus  is  charged  with  alternate  layers 
of  coal-dust  and  ore,  in  the  proportion  of  12  to  15  tubs,  of  7f  cubic  feet 
each,  of  the  former,  to  about  500  cwts.  of  the  latter ;  these  proportions 
are,  however,  more  or  less  varied  according  to  the  working  of  the  ore. 
The  roasted  ironstone  is  withdrawn  from  the  kilns  every  six  hours,  care 
being  taken  not  to  remove  any  fragments  that  may  not  have  become 
thoroughly  red-hot.  The  calcined  ore  thus  raked  from  the  bottom  of  the 
kilns  is  slaked  on  the  drawing  tables,  a,  by  means  of  water  conveyed 
through  pipes  for  that  purpose,  and  issuing  from  perforated  roses,  b. 
The  excess  of  water  employed,  passing  through  gratings,  c,  escapes  by 
the  gutters,  d. 

After  being  thus  slaked,  the  ore  is  weathered  during  from  four  to  six 
years,  and  is  periodically  watered  in  order  to  remove  the  soluble  salts 
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I 
Fig.  39.'Roa8tiDg-Kiln,  Styria;  horizontal  section. 


Fig.  40.— Roasting-Kiln,  Styria ;  trai.sverao  tectiou. 
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formed.  The  average  expenditure  of  fuel  is  at  the  rate  of  0*23  of  a  cubic 
foot  of  coal-dust  per  cwt  of  ore  roasted,  and  the  loss  of  weight  experienced 
amounts  to  about  '22  per  cent. 

At  Altenberg  six  continuously  working  circular  kilns,  each  9  feet  in 
internal  diameter,  and  having  a  total  depth  of  10  feet  5  inches,  are  found 
KuflScient  to  supply  the  three  blast-furnaces  at  Neuberg.  These  kilns  are 
provided  with  step-grates,  as  shown  in  fig.  41,  which  represents  a  vertical 


Fig.  41.— Boasting-Kiln,  Altenberg ;  vortical  section. 


action  of  one  of  them  by  a  plane  passing  through  the  centre  of  the  grate. 
The  masonry,  a,  is  of  ordinary  rubble-work,  but  the  interior  of  the  kiln 
is  provided  with  a  refractory  lining,  b ;  the  grate,  c,  is  of  cast-iron,  and  the 
bottom,  dy  is  composed  of  plates  of  the  same  material. 

The  ores  roasted  contain  from  5  to  6  per  cent  of  magnesia,  and  are 
exposed  for  several  years  to  the  action  of  the  atmosphere  without  lixivia- 
tion.  From  23  to  24  per  cent  of  their  weight  is  lost  in  roasting ;  about 
0'35  of*  a  cubic  foot  of  charcoal-dust  is  employed  per  cwt.  of  ore  roasted. 

At  the  Dowlais  Iron- Works,  in  South  Wales,  the  kilns  used  have  a 
rectangular  form  with  rounded  ends ;  the  width  at  top  being  9  feet,  and  at 
bottom  2  feet;  their  length  is  20  feet,  and  their  height  18  feet  Fig.  42  is  a 
front  elevation,  fig.  43  a  longitudinal  section,  and  fig.  44  a  transverse  sec- 
tion of  one  of  these  kilns,  as  given  by  Truran.  The  floor  consists  of  cast- 
iron  plates  2  inches  in  thickness,  and  the  interior  is  lined  with  fire-bricks ; 
in  front  are  twa  splayed  arches  extending  backwards  to  the  refractory  lining 
of  the  kiln,  and  in  each  of  these  are  two  rectangular  openings,  a,  on  the  floor- 
level,  through  which  the  calcined  ore  is  withdrawn  previous  to  being 
filled  into  barrows  or  waggons  for  conveyance  to  the  furnace.  Above 
these  openings  is  a  series  of  apertures,  6,  employed  for  tlie  purpose  of 
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regulating  the  draught  The  top  edge  of  the  kiln  is  covered  by  a  flanged 
cast-iron  ring,  c,  which  protects  it  from  abrasion  during  the  process  of 
filling.  The  operation  of  calcining  in  these  kilns  is  conducted  in  the 
following  way : — Two  or  three  coal  fires  having  been  lit  on  the  floor, 


Fig.  42.— Rottscing-Klln,  DowlaiB ;  front  elevation. 


Fig.  43.— RoMting-KUn,  Dowlait ;  longitudinal  section. 

raw  ironstone  is  placed  on  top  and  around  them,  mi  til  the  whole  floor 
is  covered  with  ironstone  at  a  dull  red  heat ;  a  fresh  layer  of  ironstone, 
about  9  inches  in  thickness,  is  then  added,  mixed  with  about  5  per  cent, 
in  weight  of  small  coal,  and  as  soon  as  this  stratum  has  become  heated  to 


IRON. 


195 


redness  another  is  added.  This  addition  of  fresh  layers  of  raw  ironstone 
and  small  coal  is  repeated  as  fast  as  the  previous  layers  become  heated  to 
the  requisite  temperature.  In  this  way  the  kiln  is  filled  to  the  top,  and 
by  the  time  this  has  been  done  the  lower  portions,  which  were  first 
ignited,  will  have  become  sufficiently  calcined  for  drawing ;  fresh  charges 
are  thus  added  at  top,  so  as  to  occupy  the  space  left  by  the  sinking  of  the 


Fig.  44.~RoMtliig>Kiln,  Dowlois  ;  trantTerM  section. 

mass  on  the  inside,  caused  by  the  daily  withdrawal  of  calcined  ore  from 
the  bottom. 

The  capacity  of  a  kiln  of  the  dimensions  given  is  about  70  tons,  and 
the  amount  of  ore  calcined  weekly  amounts  to  146  tons ;  the  consumption 
of  small  coal  is  at  the  rate  of  1  cwt.  per  ton  of  ore  calcined,  whereas,  in 
clamps,  2  cwts.  of  small  and  J  cwt.  of  large  coal  are  required  to  do  the 
same  amount  of  work. 

Welsh  argillaceous  ores  generally  lose  27  per  cent,  of  their  weight  by 
calcination ;  blackband  ironstone  from  40  to  60  per  cent. ;  red  haematite 
about  6  per  cent. ;  and  Cornish,  Devonshire,  and  similar  brown  haematites 
from  12  to  14  per  cent. 

In  the  Cleveland  district  Gjers*  calcining-kilns  are  extensively  em- 
ployed. Fig.  45  is  in  part  an  elevation  and  in  part  a  section  of  this  kiln, 
which  consists  of  a  body  or  shell  of  fire-bricks  only  14  inches  in  thick- 
ness, cased  externally  with  wrought-iron  plates.  The  interior  diameter, 
at  top,  is,  in  the  older  kilns,  18  feet ;  at  the  boshes,  or  widest  part, 
forming  the  junction  of  the  two  truncated  cones,  20  feet;  and  at  the 
bottom  14  feet;  the  horizontal  section  is  everywhere  circular.  The 
bottom  of  the  brickwork  rests  on  a  cast-iron  ring,  a,  4  inches  in  thick- 
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ncss,  which  is  supported  by  cast-iron  pillars,  ft,  each  27  inches  in  height ; 
thus  leaving  an  open  space  between  the  bottom  of  the  kiln  and  the  floor. 
The  floor  is  covered  by  iron  plates  c,  2^  inches  in  thickness,  cast  in  seg- 
ments, and  carrying,  in  the  centre,  the  cone,  d,  8  feet  in  diameter  at  the 
base,  and  8  feet  in  height.  The  total  depth  from  the  filling-gallery,  e,  to 
the  foundation-plate,  c,  is  24  feet,  and  its  internal  capacity  is  5,500  cubic 
feet  As  in  the  kilns  of  South  Wales,  the  amount  of  fuel  required 
amounts  to  about  5  per  cent,  of  the  weight  of  ore  calcined.  The  roasted 
ore  is  drawn  through  the  openings  between  the  pillars,  and  is  directed  out- 
wards by  the  slope  of  the  centi-al  cone.     The  height  of  the  newer  kilns 
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Fig.  45.— OJera'  Calcining-Kilu ;  one-half  in  section. 


of  this  description  is  33  feet,  the  diameter  24  feet,  and  the  cubic  capacity 
8,000  feet.  Such  a  kiln  is  capable  of  calcining  800  tons  of  iron  ore  per 
week,  and  will  bum  24  to  25  tons  with  one  ton  of  small  coal.  Around 
tlie  lower  tier  of  plates  are  a  number  of  openings,  /,  ordinarily  closed 
with  doors,  which  are  occasionally  useful  in  case  of  the  stone  becom- 
ing agglomerated.  A  double  roadway  passes  over  all  the  kilns,  with 
a  gangway  between  and  outside  the  two  roads. 
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Gas  Caleining-Kilfu, — The  use  of  the  waste  gases  of  the  blast-fumaco, 
instead  of  solid  fuel,  for  calcining  iron  ores,  is  restricted  to  a  very  few 
localities  in  Styria  and  Sweden.  The  Styrian  kilns  are  of  two  kinds. 
Those  on  FiUafer's  principle,  intended  for  ore  in  lumps,  have  upright 
lectangular  stacks,  each  8}  feet  high,  4|  feet  long,  and  If  feet  broad,  with 
a  capacity  of  70  cubic  feet.  The  stack  is  covered  with  a  dome  and  chimney 
for  carrying  ofif  the  volatile  products.  The  ore  is  charged  through  a  door 
near  the  top,  and  drawn  at  the  bottom  by  an  inclined  plane  faced  with 
cast-iron  plates.  The  gas  is  introduced  through  a  number  of  rectan- 
gular slits*  in  the  wall  of  the  stack,  where  it  mixes  with  air  introduced 
through  other  apertures  of  the  same  kind.  Twelve  kilns  are  required 
for  one  blast-furnace.  They  are  built  in  series  of  six  back  to  back,  and 
are  often  at  such  a  height  that  their  tops  are  level  with  that  of  the 
furnace.  About  40  tons  are  calcined  by  such  a  set  of  kilns  in  twenty- 
four  hours. 

Moser^s  kiln  for  calcining  small  and  wet  spathic  ores  has  a  bed  from 
4  to  5  feet  wide,  and  from  15  to  18  feet  long,  imder  a  low  arched  roof 
inclined  about  20*  from  the  horizontal  This  is  filled  with  flame  from 
a  series  of  gas-jets  in  the  roof  at  the  lower  end,  while  the  ore  is  intro- 
duced at  the  upper  end  of  the  bed,  whose  slope  is  just  sufHcient  to  allow 
the  charge  to  rest,  except  when  calcined  ore  is  drawn  out  at  the  bottom. 
This  kiln  was. originally  intended  for  drying  the  ore  only,  but  has  been 
found  to  produce  perfect  calcination  when  properly  regulated.  About 
15  tons  of  ore  may  be  dried,  or  7^  tons  calcined,  in  twenty-four  hours. 

Westman's  gas-kiln,  which  is  used  extensively  in  Sweden  for  calcining 
magnetic  ores,  has  a  circular  stack,  somewhat  like  the  upper  part  of  a 
hlast-fumace,  built  of  fire-brick,  with  an  outer  casing  of  red  brick  hooped 
with  wrought-iron.  The  largest  size  is  about  18  feet  high,  6  feet  in 
diameter  above,  and  IQ  feet  below.  The  base  of  the  kiln  is  a  low 
pyramid  of  from  5  to  8  faces,  which  leads  the  calcined  ore  outwards  to 
the  drawing-arches,  which  are  faced  with  cast-iron  plates  and  closed  with 
iron  doors.  The  gas  is  introduced  from  a  ring  main  encircling  the  lower 
part  of  the  stack,  through  a  series  of  passages  or  burners  of  which  the 
number  is  double  that  of  the  drawing-passages,  air  being  supplied  through 
parallel  passages  above.  In  addition  to  these  there  are  two  rows  of 
stoking-holes  in  the  stack  for  introducing  bars  in  case  of  the  charges 
hanging  in  the  furnace.  The  top  of  the  kiln  is  closed  with  iron  plates 
having  a  central  counterpoised  trap-door  for  charging.  The  volatile  pro- 
ducts are  carried  off  by  four  parallel  sheet-iron  chimneys  about  12  feet 
high.  The  descent  of  the  charge  is  regulated  by  the  removal  of  the  cal- 
cined ore,  which  is  drawn  at  short  intervals  from  each  passage  in  succes- 
sion. Unlike  the  ordinary  practice  of  working,  a  strong  clotting  heat  is 
used  in  order  to  decompose  any  iron  pyrites  included  in  the  ore.  The 
estimated  consumption  of  furnace  gas  is  about  10,000  cubic  feet,  corre- 
sponding to  160  or  180  lbs.  of  coal  per  ton  of  ore.  About  5  tons  of  ore 
are  drawn  from  each  passage  in  twenty-four  hours  3  it  is  at  a  strong  red 
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heat,  and  must  be  removed  in  iron  waggons.  In  some  instances  air 
under  pressure  from  the  blowing-engine  of  the  furnace  has  been  used  in 
these  kihis  as  well  as  steam,  to  promote  desulphurizing,  but  never  with 
very  marked  success. 

Calcining-kilns  may  also  be  heated  by  gas  prepared  in  special  pro- 
ducers, but  this  plan  is  obviously  disadvantageous  so  far  as  economy  of 
heat  is  concerned,  and  is  only  valuable  as  a  means  of  keeping  the  ore  free 
from  the  ash  of  the  fiieL  On  the  latter  account  it  is  sometimes  used  in 
the  construction  of  limekilns,  where  a  very  pure  product  is  required. 

The  calcination  of  iron  ores  is  now  almost  entirely  restricted  to  black- 
band,  spathic,  and  other  carbonates.  Limonite  and  other  hydrated  ores, 
although  they  contain  a  large  proportion  of  water,  are  generally  smelted 
as  such,  since  many  of  them  fall  to  powder  when  dehydrated,  while  such 
of  them  as  contain  sandstone  and  quartz  are  likely  to  form  fusible  silicates 
in  the  kiln,  and  under  either  condition  their  value  as  a  material  for  the 
smelter  is  considerably  lessened. 

Blast-Furnacb  Slags. — ^The  essential  point  of  difference  between  the 
making  of  cast-iron  and  of  wrought-iron  at  one  operation  from  the  ore,  is 
the  substitution  of  oxides  of  some  one  or  more  metals  other  than  iron  for 
the  removal  of  the  siliceous  or  earthy  contents  of  the  charge  or  burden 
of  the  furnace.  These  waste  matters  are  for  the  most  part  contained  in 
the  ore,  but,  in  a  less  degree,  they  are  also  present  in  the  ash  of  the  fuel 
For  this  purpose  it  is  necessary  to  use  some  oxide  which  is  not  reducible 
by  carbonic  oxide  alone,  and  the  only  oxides  practically  available  that 
satisfy  this  condition  are  those  of  manganese,,  aluminium,  magnesium, 
and  calcium  ;  the  latter,  in  the  form  of  caustic  lime  or  carbonate  of  lime, 
being  of  principal  importance.  The  required  oxide  may  be  obtained  by  a 
judicious  mixture  of  siliceous  with  calcareous  ores,  but  in  by  far  the 
greater  number  of  instances  limestone  is  added  under  the  name  of  flux 
ox  fluxing  done. 

The  value  of  limestone  for  fluxing  purposes  depends  almost  entirely  on 
its  freedom  from  foreign  matters,  especially  silica,  refractory  silicates,  and 
metallic  sulphides,  as  its  chief  functions  are  the  removal  of  silica  and 
sulphur  from  the  ores.  Theoretically,  pure  carbonate  of  calcium  contains 
56  per  cent,  of  lime,  so  that  for  every  100  parts  of  lime  required  at  least 
179  parts  of  limestone  must  be  used.  This  fluxing  power  is  very  rapidly 
deteriorated  by  even  a  small  amount  of  silica.  Thus,  supposing  35  parts 
of  silica  to  require  100  of  limestone,  considered  as  pure  carbonate,  the 
equivalent  quantity  would  be  increased  to  121  parts,  supposing  the  stone 
to  contain  only  5  per  cent,  of  silica. 

Magnesia  when  present  in  limestone  in  the  form  of  dolomite  is  of 
value  in  special  cases  for  the  manufacture  of  forge  and  manganiferous  pig, 
but  is  objectionable  for  smelting  foundry-iron.  The  use  of  dolomite  is 
therefore  generally  avoided,  even  when  the  works  are  favourably  situated 
for  obtaining  it,  and  pure  limestone  has  to  be  brought  from  a  distance. 

In  the  United  Kingdom  good  fluxing  limestones  are  common  in  many 
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geological  fomiationa  Among  these  the  most  important  are  the  Silurian 
limestones  of  Dadley  used  in  South  Staffordshire,  the  Carboniferous 
limestones  of  Northern  and  Central  England^  and  North  and  South 
Wales,  which  not  onlj  supply  the  furnaces  in  their  immediate  neigh- 
boarhood,  but  are  largely  exported  to  other  districts,  such  as  Cleveland 
and  Staffordshire. 

Shelly  oolitic  limestones  are  used  in  the  furnaces  of  Northamptonshire 
and  the  adjacent  counties,  and  chalk  in  those  of  Wiltshire ;  Bevoniaa 
limestone  in  the  Li^ge  district,  and  crystalline  limestone  from  the  qlder 
formations  in  Sweden  and  the  United  States.  In  strong  contrast  td  the 
latter  is  the  use  as  flux  at  Newark,  New  Jersey,  of  oyster-shells,  wQ^li 
are  collected  from  the  New  York  eating-hou8e&  \^^ 

Another  important  function  of  limestone  flux  is  the  removal  of    ^ 
sulphur,  contained  in  the  ore  or  fuel,  as  sulphide  of  calcium,  which  passes 
into  the  slag.     The  same  property  is  possessed  by  oxide  of  manganese, 
which  forms  an  irreducible  sulphide  of  manganese  in  the  slag.     Magnesia, 
on  the  other  hand,  has  no  power  of  absorbing  sulphur. 

In  the  less  frequent  condition  of  ores  that  contain  an  excess  of  earthy 
bases,  such  as  the  spathic  ores  of  Styria  and  the  oolitic  ores  of  Lincoln- 
shire^ it  is  necessary,  when  siliceous  mixing  ores  cannot  be  got,  to  add 
silica  and  alumina  in  the  form  of  day -slate  or  shale«  The  average 
composition  of  the  latter  is  :  — 


BiO^ 

A1,0,. 

Fe,0„PeO. 

CaCMgO. 

Alkalies. 

VoUtlle. 

eo 

19 

8 

8 

2 

8 

Alumina  alone  may  be  supplied  in  the  form  of  bauxite  or  aluminous 
iron  ora  The  most  advantageous  manner  of  supplying  silica  to  calcareous 
ores  is  as  ferrous  silicate  in  the  form  of  forge-cinder,  the  iron  being  re- 
covered simultaneously.  This  is  now  done  in  Styria  instead  of  using 
schist  fluxes,  as  the  cinder  obtainable  is  very  pure. 

The  use  of  caustic  lime  instead  of  limestone  has  been  proposed  and 
tried  several  times,  but  the  saving  of  fuel  which  was  expected  by  relieving 
ihe  furnace  from  the  duty  of  decomposing  the  carbonate  has  not  been 
realized.  This  is  partly  due  to  the  circumstance  that,  under  particular 
conditions  of  temperature  and  pressure,  carbonic  acid  may  to  some  extent 
be  re-absorbed  by  the  caustic  lime  in  the  upper  regions  of  the  furnace,  and 
the  carbonate  so  formed  has  to  be  decomposed  with  a  fresh  expenditure 
of  heat  before  actual  fluxing  commences. 

The  use  of  fluxes  in  the  blast-furnace  is  regulated  by  several  con- 
ditions. Where  the  ores  are  of  high  quality  and  charcoal  is  used  as 
fuel,  the  additions  may  be  so  proportioned  as  to  give  a  minimum  of 
slag,  and  that  of  the  most  readily  fusible  composition,  so  as  to  economize 
fuel.  This,  however,  can  only  be  realized  in  making  white  forge-iron 
with  a  minimum  of  silicon  and  graphitic  carbon,  and  is  usually  accom- 
panied with  the  scorification  of  some  of  the  metallic  contents  (iron  and 
manganese)  in  the  ore.  With  the  same  fuel,  therefore,  when  grey- 
iron  is  required,  the  slag  must  not  only  be  made  more  refractory,  but  its 
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volume  must  be  increased  above  that  required  by  the  condition  of 
minimum  fluxing,  in  order  that  the  reduced  iron  may  have  time  to  take 
up  the  necessary  metalloids  before  it  is  finally  melted  and  collected  in 
the  hearth.  With  mineral  fuel,  for  ores  of  equal  yield,  the  amount  of 
slag  is  further  increased  by  the  necessity  of  fluxing  a  larger  quantity  of 
ash,  8  to  15  per  cent,  as  against  2  to  3  per  cent  in  charcoal,  as  well  as 
by  that  of  preventing  the  sulphur  (about  0*5  to  0*8  per  cent.)  from  com- 
bining with  the  reduced  iron,  for  which  purpose  manganous  oxide  or 
lime,  preferably  the  latter,  must  be  present,  in  sufiicient  quantity  above 
that  required  for  fluxing  silica,  to  form  MnS  or  CaS.  A  further  con- 
dition, however,  is  that  these  sulphides  must  not  amount  to  more  than 
a  small  proportion  (3  to  4  per  cent.)  of  the  total  weight  of  the  slags,  and 
they  must  also  be  kept  as  free  from  iron  as  possible.  The  rule  requiring 
the  slags  to  be  more  refractory  for  grey-  than  for  white-iron  applies  as  well 
to  smelting  with  coke  as  with  charcoal  From  the  above  considerations 
it  may  be  readily  understood  that  charcoal-furnace  slags  are  more  siliceous 
than  those  of  coke  furnaces  for  metal  of  the  same  quality,  and  that  the 
former  may  be  rendered  more  refractory  by  augmenting  the  proportion 
of  silica,  and  the  latter  that  of  the  bases. 

The  silicates  constituting  blast  furnace  slags  may  be  regarded  as  rang- 
ing between  the  limits  indicated  in  the  following  formula  : — 

2R0.8SiOa  or  bisilicates  with  about  60  per  cent  Si02. 
lORO.SSiOa  or  six-tentb  silioates    ,,  SO  „ 

The  nature  of  the  bases  is  not  considered ;  RO  including  both  protoxide 
and  sesquioxide  bases. 

The  greater  number  of  coke-furnace  slags  approximate  to  unisili- 
cates  (2RO.Si02),  with  the  oxygen  coefficient  ranging  from  about  0*85 
up  to  1  '25.  The  corresponding  variations  in  the  principal  constituents 
are — 

SiOa  85-40,  AljO,  10-20,  OaO  80-40,  MgO  0-7-5  per  cent 

Charcoal-furnace  slags  are  more  siliceous,  and  approximate  mainly  to 
bisilicates  (RO.SiOa);  their  oxygen  coefficients  ranging  between  1*26  to 
2-25  ;  exceptionally  they  go  as  high  as  trisilicates  with  the  oxygen 
coefficient  275  to  3-25. 

The  heat  required  for  fusing  blast-furnace  slags  has  been  elaborately 
investigated  by  Akerman,  who  has  determined,  by  means  of  a  calorimeter, 
the  actual  amount  of  heat  retained  at  the  moment  of  solidification,  both 
in  ordinary  slags  and  in  mixtures  of  silicates  of  known  composition.  The 
average  thermal  requirement  for  fusion  in  74  slags  was  388  units ;  the 
extremes  being  340  units  for  the  most  fusible,  which  was  produced  from 
spathic  ore  at  Vordemberg  in  Styria,  and  463  for  the  most  refractory, 
a  very  magnesian  slag  smelted  from  titaniferous  ore  at  Lindefors  in 
Sweden.     The  complete  analysis  of  these  slags  is  as  follows  : — 


SfO,. 

no,. 

A1,0,. 

MjfO. 

MdO. 

FeO. 

CuO.   Coe&deiit 

Lindefors     . 

.     89-20 

8-50 

9-59 

27-25 

0-53 

1-64 

12-65       1-08 

Vordemberg 

.     42-90 

... 

997 

12-00 

7-82 

077 

26-35       1-21 
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The  melting-poiiits  of  slags  are  supposed  to  range  between  about 
1,100'  or  1,200'  C,  for  the  most  fusible,  to  1,500'  C,  for  the  most 
refractory  ;  but  these  figures  are  only  approximations  deduced  from  cal- 
culations, and  depend  upon  assumed  values  for  the  specific  heat. 

The  following  examples  of  mixtures  intended  to  produce  slags  of  de- 
finite properties  are  taken  from  De  Vathaire's  work  ;  ^  they  refer  to  fur- 
naces burning  coke  or  coal : — 

For  very  Graphitic  Iron.— No.  1  Foundry  or  Bbssembr. 

].  2.  8.  4.  5.  6.  7.  8.  0.  10. 

SiOa            89  38  87  36  86  86  36  87  88  38 

Al^,          10  12  14  16  17  19  20  21  22  28 

CaO            51  50  49  48  47  44  45  42  40  39 

Nos.  1-3  are  ultra-calcareous,  4-7  ultra-basic,  and  8-10  ultra- 
aluminous.  The  latter  will  give  the  most  siliceous  iron,  and  are  best 
suited  for  pure  ores  or  such  as  contain  fusible  earthy  matters. 


11. 

12. 

18. 

14. 

15. 

18. 

17. 

18. 

1». 

SO. 

SiO, 

38 

37 

86 

35 

84 

34 

85 

86 

86 

87 

AlA 

10 

12 

14 

16 

18 

19 

20 

21 

22 

24 

CaO 

42 

41 

40 

89 

88 

87 

35 

83 

31 

29 

MgO 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Nos.  11-20  are  similar  to  tlie  preceding  scries,  ten  units  of  magnesia 
being  substituted  for  an  equal  amount  of  lime.  This  gives  greater 
fluidity,  while  allowing  the  amount  of  silica  to  be  reduced  to  a  minimum. 

For  No.  8  Foundry-Iron. 


21. 

22. 

28. 

24. 

25. 

26. 

27. 

28. 

SiO,      40 

89 

38 

88 

88 

39 

89 

40 

AWz           11 

18 

16 

18 

19 

20 

21 

22 

CaO      48 

47 

45 

48 

42 

41 

85 

87 

(Fe,Mn)0   1 

1 

1 

1 

1 

1 

1 

1 

These  being  intended  for  a  heavier  burden  than  the  preceding 
mixtures,  a  certain  amount  of  metallic  oxide  may  be  unreduced,  which 
promotes  fusibility.  One  unit  of  iron  or  manganese  allows  the  burden  to 
be  raised  6  or  8  per  cent,  with  the  production  of  mottled  iron.  No.  21 
gives  the  maximum  amount  of  lime  permissible  and  No.  28  that  of 
alumina. 

Fusible  Mixture  for  Whits- Iron. 


29. 

80. 

81. 

82. 

88. 

84. 

85. 

86. 

87. 

SiO, 

40 

89 

39 

88 

37 

38 

39 

40 

41 

Al^O, 
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10 

12 

18 

14 

15 

]6 

17 

18 

(Ca,Mg)0 

48 

47 

45 

45 

45 

43 

41 

89 

V 

(Fe,Mii)0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

The  mixtures  in  the  first  part  of  the  above  table  give  better  carburized 
and  desulphurized  irons  than  the  more  aluminous  ores  at  the  end.  The 
tendency  of  alumina  to  promote  reduction  of  silica  may  be  corrected  by 
magnesia,  or  preferably  by  oxide  of  manganese. 

^  'Comtrootion  et  Conduite  des  Hauts  Fourneaux/  1885. 
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Fob  Manoanifehous  Ikons  (Spibgel  and  Fkbro-Mangakesk). 


88. 

89. 

40. 

41. 

42. 

48. 

44. 

45. 

SiO, 

85 

36 

84 

83 

81 

29 

80 

31 

AljiO, 

10 

8 

12 

13 

8 

12 

14 

12 

CaO 

46 

88 

36 

36 

37 

36 

33 

42 

MgO 

... 

10 

10 

10 

8 

8 

8 

... 

MnO 

10 

8 

8 

8 

1*5 

16 

15 

15 

No8. 38-41  are  for  spiegeleisen,  and  Nos.  42-45  for  ferro-manganese. 
Magnesia  is  used  to  diminish  the  proportion  of  silica  and  preserve  the 
fusihilitj,  and  to  save  manganese  oxide.  The  amount  of  the  latter  base 
in  the  slag  should  not  exceed  8  per  cent  for  high  (20  per  cent)  spiegel ; 
with  70  per  cent  ferro-manganese  it  may  he  about  15  per  cent,  and 
with  80  per  cent  as  much  as  20  per  cent  In  the  latter  case  the  coke 
burnt  is  50  cwts.  per  ton  of  metal. 

The  proportion  of  sulphur  in  slags  should  not  exceed  about  2  per 
cent,  corresponding  to  about  3*5  per  cent  of  sulphide  of  calcium. 
According  to  Bell,  about  94  per  cent  of  the  total  sulphur  contents  of  the 
burden  and  fuel  pass  into  the  slag,  and  the  remaining  6  per  cent  into  the 
metal.  Manganese  oxide  is  also  a  powerful  desulphurizer.  This  is  well 
seen  in  the  manufacture  of  basic  Bessemer  or  Thomas  metal  at  Ilsede,  in 
Hanover,  where  the  furnaces  are  burdened  to  produce  a  white-iron  with 
a  minimum  of  silicon ;  but  owing  to  the  large  amount  of  manganese  in 
the  ore  it  is  practically  free  from  sulphur. 

The  slags  produced  on  the  large  scale  differ  from  those  given  in  the 
mixtures  by  the  addition  of  the  alkalies  in  the  charge,  which  are  not 
usually  taken  into  account  in  proportioning  the  ingredients.  The  follow- 
ing are  a  few  typical  examples  : — 


Analysis  of  Blabt-Fubnacb  Slags. 

SiO,     . 

1. 

/«. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

27-68 

64-26 

36 -do 

68-79 

4637 

40-25 

38-48 

43-07 

39-62 

38-76 

AlaOj  . 

6-76 

4-20 

13-04 

4-80 

8-40 

16-13 

14-85 

15-11 

14-48 

22-28 

CaO     . 

24-66 

2-14 

26-67 

38-64 

16-60 

32-82 

28-92 

32-62 

36-68 

4012 

MgO    . 

0-28 

4-06 

0-67 

7-40 

13  00 

7-44 

5-87 

3-49 

6-84 

7-27 

FeO     . 

9-20 

21-16 

2-44 

0-95 

10-40 

0-76 

2-53 

2-02 

1-18 

0-80 

MnO    . 

4-80 

29-64 

2-20 

1-86 

11-67 

1-62 

1-37 

2-89 

0-23 

0-20 

CaS      . 

...          ... 

...     '    008» 

0-07 

2-22 

1-90 

216 

0-98 

200 

PaOs    . 

... 

... 

...     1  trace 

... 

0  16 

... 

... 

, 

... 

Alkalies 

... 

...     j    0-45 

... 

1-92 

1-84 

1-06* 

111* 

... 

99  86 

97  00 

97-71  10000 

99-29 

100-54 

100-36 

98-76 

99-26 

10035 

Nos.  1,  2,  3,  4,  and  5,  from  furnaces  fed  with  charcoal     Nos.  1  and 
2.  From  Kothau ;  Klasek.     3.  From  Riibeland ;  green  and  glassy ;  fur- 
nace producing  mottled  iron ;  Rammelsberg.     4.  From  Edsken,  Sweden ; 
1  Sulphur.  s  Potaah. 
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producing  Bessemer  pig ;  UUgren.  5.  From  Eisenerz,  Styria ;  furnace 
heavily  burdened  for  white-iron.  6.  From  Dowlais;  produced  when 
making  grey-iron ;  Riley.  7.  From  Dowlais ;  produced  with  white-iron ; 
Riley.  8.  From  cold-blast  furnace,  working  with  coke,  at  Wednesbury 
Oak,  Tipton,  South  Staffordshire;  D.  Forbes.  9.  Hot-blast  furnace, 
working  with  coke,  near  Dudley ;  Percy.  10.  Clarence,  Durham ;  pro- 
duced from  Cleyeland  ores ;  Bell. 

In  general  the  slags  produced  in  furnaces  working  with  a  light  burden 
are  either  white  or  grey.  This  is  caused  by  the  almost  complete  reduc- 
tion and  removal  of  the  iron ;  but  when  the  ores  contain  manganese  an 
amethystine  tint  may  frequently  be  observed.  This  is  particularly  the 
case  in  charcoal  furnaces  smelting  non-aluminous  ores. 

A  heavy  burden  and  a  comparatively  reduced  temperature,  on  the 
other  hand,  commonly  give  rise  to  black  or  very  dark-coloured  slags. 

The  fluidity  and  vitreous  character  of  slags,  are,  within  certain  limits, 
greater  in  proportion  to  the  amount  of  silica  present  Opalescent  slags 
usually  indicate  the  presence  of  a  considerable  amount  of  alumina. 

Slags  containing  sulphides  of  calcium,  barium,  or  manganese,  such  as 
are  produced  when  sulphur  is  present  in  the  ore  or  fuel,  give  off  sulphu- 
retted hydrogen  if  allowed  to  flow  over  damp  ground.  If  the  slag  be 
sufficiently  hot  to  cause  the  ignition  of  this  gas,  it  bums  with  the  forma- 
tion of  water  and  sulphurous  anhydride ;  if,  however,  on  the  contrary, 
sulphuretted  hydrogen  should  escape  without  decomposition,  its  presence 
win  at  once  be  recognised  by  its  odour. 

If  a  large  quantity  of  lime  be  present^  the  slag  has  usually  a  dull, 
stony  fracture,  and  when  the  amount  becomes  excessive,  the  cinder 
readily  falls  to  pieces  on  exposure  to  a  damp  atmosphere.  If  ground  with 
one-fourth  their  weight  of  caustic  lime,  such  slags  form  an  excellent 
cement  or  mortar  for  building  purposes. 

When  a  furnace  is  working  with  a  light  burden,  the  slags  flow  con- 
tinuously and  steadily,  and  exhibit  a  somewhat  viscid  fluidity,  passing 
slowly  from  the  liquid  to  the  solid  state.  The  scouring  slags  from  a 
furnace  working  with  a  heavy  burden,  on  the  other  hand,  flow  as  freely 
as  water,  but  become  readily  solidified  without  passing  through  an  inter- 
mediate state  of  plasticity.  Hsematites  containing  manganese  produce 
slags  exhibiting  the  usual  amethystine  tints  characteristic  of  the  presence 
of  that  metal;  but  when  blown  into  bubbles  by  escaping  gases,  this 
colour  disappears,  and  they  assume  a  pearly-white  lustre,  and  pumice- 
like structure.  When  furnaces  treating  such  ores  are  burdened  so 
heavily  as  to  afford  white-iron,  the  slags  become  dark-green  in  colour. 

In  addition  to  the  green  and  black  colours  resulting  from  the  presence 
of  ferrous  oxide,  tlie  amethystine  tints  produced  by  oxide  of  manganese 
and  the  yellow  and  brownish-green  colourations  due  to  sulphide  of  man- 
ganese, certain  others,  particularly  shades  of  blue,  are  common  in  blast- 
furnace slags.  Among  these  a  light  sky-blue  tint,  frequently  seen  in 
Swedish  slags,  has  been  variously  attributed  to  the  presence  of  vanadium 
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and  titanium,  but  the  nature  of  the  colouring  agent  in  such  cases  does 
not  appear  to  have  been  satisfactorily  determined.  Very  basic  aluminous 
slags  are  sometimes  speckled  with  blue  from  intermixed  spinel  crystals, 
which  though  very  minute  are  of  a  deep  sapphire  blue  colour. 

Various  crystallized  products  have  been  found  in  blast-furnace  slags, 
many  of  which  are  known  as  minerals,  while  others  have  not  as  yet  been 
found  in  nature.  Among  these  are  various  silicates  of  magnesium  and 
calcium,  such  as  enstatite  (MgSiO,),  woUastonite  (CaSiO,),  and  augite 
(Ca,Mg)Si03.  When  the  ..magnesia  is  less  than  one-third  of  the 
mixed  bases  in  the  latter  formula,  a  hexagonal  lime  silicate,  not  known 
as  a  mineral,  is  foimd.  In  the  unisilicate  slags,  low  in  alumina^  sub- 
stances of  the  composition  of  olivine  (B2Si04)  are  common,  the  bases 
being  lime,  magnesia,  and  manganese  oxide,  the  first  predominating ; 
but  when  alumina  forms  a  suitable  proportiofi,  an  unnamed  tetragonal 
silicate,  somewhat  similar  to  idocrase,  is  produced.  The  most  charac- 
teristic mineral  of  English  slags  which  are  more  basic  than  unisilicates 
is  melilite  or  humboldtite  12(R.Mg)0.2Al208-9SiOj.  This  occurs  in 
square  tabular  or  columnar  crystals,  often  of  considerable  size,  in  almost 
every  iron-making  district,  the  best  examples  being  found  in  the  slags 
from  cold-blast  furnaces.  Another  tetragonal  silicate,  which  is  the  most 
basic  of  all,  is  gehlenite  (3RO.Alj03.2SiOa),  found,  but  more  rarely,  in 
slags  produced  with  a  burden  containing  alumina  and  magnesia  in 
notable  quantity.  Under  the  latter  conditions  a  portion  of  these  bases  com- 
bine, forming  Spinel,  which  is  found  in  crystals  diffused  through  those 
of  melilite  or  gehlenite,  and,  in  extreme  cases,  about  one-half  of  the 
alumina  in  the  charge  may  be  so  combined  and  take  no  part  in  fluxing 
silica. 

Sulphides  of  calcium  and  manganese  are  found  mainly  as  proto- 
sulphides  diffused  through  the  mass  of  the  crystallized  silicates.  It  is 
not  quite  certain,  however,  whether  a  higher  sulphide  of  calcium  may  not 
sometimes  be  present. 

Disposal  and  Utilization  of  Slags, — One  of  the  most  important  points 
in  blast-furnace  economy  is  getting  rid  of  the  enormous  quantity  of  slag 
produced,  for  which,  as  a  rule,  no  useful  application  can  be  found.  To 
some  extent  it  is  disposed  of  as  railway  ballast^  and  in  countries  defi- 
cient in  stone,  for  road  metaL  In  Belgium  and  Germany  it  is  some- 
times slowly  cooled  in  large  masses,  so  as  to  promote  the  formation  of 
crystals,  vrith  the  result  of  producing  a  porphyritic  substance  which  can 
be  dressed  up  into  paving  setts.  In  Styria  slags  are  often  granulated 
by  allowing  a  jet  of  water  to  impinge  upon  the  molten  stream  as  it 
issues  from  the  furnace.  This  produces  a  voluminous  spongy  sand, 
which  is  used  for  mixing  with  mortar,  and  lies  conveniently  in  valleys 
for  removal  by  the  spring  freshets  from  the  mountains.  In  Cleveland 
and  elsewhere  the  so-called  silicate  cotton  or  slag-wool  is  made  by  allow- 
ing steam  to  blow  through  the  liquid  cinder,  which  draws  it  out  like 
spun  glass.     This  has  been  used  to  some  extent  as  a  non-conducting 
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covering  for  boilers  and  steam-pipes,  but  the  manufacture  is  nut 
increasing.  Granulated  slag  may  also  be  made  into  excellent  concrete 
and  bricks  with  Portland  cement,  or  with  proper  additions  of  lime,  it  may 
even  be  used  as  the  basis  of  the  cement.  For  all  uses,  however,  the 
iimount  consumed  is  trifling,  and  therefore  the  bulk  of  the  cinder  pro- 
duced has  to  be  tipped  to  waste,  the  usual  method  adopted  being  to  mould 
it  into  rectangular  blocks,  of  from  2  to  5  tons  weight,  upon  a  cinder- 
waggon  railway-truck,  placed  alongside  the  furnace,  which,  when  filled, 
is  drawn  away  by  a  locomotive,  and,  when  solidified,  thrown  upon  the 
waste  heap.  In  America  the  custom  of  pouring  the  liquid  cinder  out 
upon  the  ground  is  now  very  often  adopted.  At  the  Edgar-Thompson 
Works,  near  Pittsburg,  the  cinder  is  received  in  brick-lined  tank- 
waggons,  with  a. valve  in  the  side,  holding  10  tons.  These,  when  filled, 
are  drawn  to  a  waste  heap  about  half  a  mile  from  the  furnaces ;  the  valve 
is  opened,  and  the  liquid  cinder  runs  out  on  the  ground.  By  this 
arrangement  less  land  is  required  for  the  cinder  than  when  it  is  moulded 
into  blocks  before  tipping. 

ThB  BlAST-FuRNACB  and  its  AcCBSSORIBa 

Blast-Furnace. — The  blast-furnace,  of  which  an  early  form  is  re- 
presented in  fig.  46  in  vertical,  and  in  fig.  47  in  horizontal  section 
through  the  hearth,  consists  of  a  shaft  or  cavity  formed  of  two  truncated 


Tig.  46— Blast- Fomace,  Plymouth  Iron- Works ;  vertical  section. 

cones  joined  together  at  their  bases.  The  upper  and  deeper  of  these  cones 
is  known  as  the  stack  or  body.  The  opening  at  the  top  of  the  furnace  is 
called  the  throat,  and  is  often  surmounted  by  a  chimney,  in  which  there 
are  one  or  more  openings  for  the  convenience  of  charging.  The  lower 
cone  is  known  by  the  name  of  the  boshes.     The  lowest  division  or  hearth 
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is  the  straight-sided  narrow  portion  below  the  bottom  of  the  boshes. 
The  broadest  part,  at  the  junction  of  the  stack  with  the  boshes,  is  known 
as  the  belly  of  the  furnace. 

The  hearth  in  the  older  forms  of  furnace  is  supported  on  a  mass  of 
masonry,  in  which  channels  are  left  open  for  the  escape  of  any  mois- 
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Fiff.  47.— Blast-Fumaoe,  Plymottth  Iroxi-WorkB ;  horiaonUl  seetton. 

ture  wliich  may  be  expelled  from  the  brickwork ;  while,  to  keep  the 
whole  building  perfectly  dry,  the  foundations  are  traversed  by  arched 
galleries,  which  intersect  each  other  at  right  angles  beneath  the  axis  of 
the  internal  cavity  of  the  furnace.  In  new  furnaces  these  elaborate  sub- 
structures are  generally  abandoned,  and  the  hearth  bottom  rests  upon 
a  bed  of  concrete,  sunk  in  the  ground. 

Three  only  of  the  sides  of  the  hearth  are  continued  to  the  bottom 
the  fourth  being  merely  brought  to  within  a  certain  distance  of  the  base, 
where  it  is  supported  by  strong  bearers  of  cast-iron,  firmly  fixed  into  the 
masonry  of  the  walls,  and  on  which  rests  a  block  of  refractory  material 
called  the  tymp. 

At  a  short  distance  beneath  the  tymp,  and  a  little  in  advance  of  it,  is 
placed  the  dam-atone^  which  has  a  prismatic  form,  and  is  securely  fixed  by 
a  strong  piece  of  cast-iron,  which  covers  its  outer  side,  and  is  known  by 
the  name  of  the  dam-plate. 

At  a  short  distance  above  the  ground-level,  passages  for  the  introduc- 
tion of  the  blast  are  perforated  through  the  walls  of  the  hearth ;  these 
are  known  as  the  tuyer-holes,  and  usually  vary  in  number  from  two  to  six. 

The  stack  and  boshes  are  circular  in  section  throughout.  The  hearth, 
as  seen  in  fig.  47,  is  square,  but  this  construction  is  now  entirely  aban- 
doned in  favour  of  the  round  form. 

Materials  and  GovMrucfion. — The  different  parts  of  a  blast-furnace 
are  of  very  unequal  durability ;  the  hearth  and  boshes  being  subjected 
to  a  much  more  intense  heat  than  the  stack,  are  sooner  worn  out,  and 
it  is  therefore  necessary  to  build  the  furnace  so  that  these  lower  portions 
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can  be  replaced  without  destroyiiig  the  upper  part.  This  is  done  by 
supporting  the  stack  upon  pillars  of  masonry  connected  by  arches,  as  in 
figs.  46,  47,  or,  what  is  now  more  general,  upon  cast*  or  wrought-iron 
pillars  OT  standards,  so  that  the  hearth  may  be  freely  approached  all 
round.  In  such  cases,  the  stack  rests  upon  a  heavy  cast-iron  ring,  carried 
on  the  top  of  the  pillars.  The  hearth  may  be  built  of  fire-brick,  or  of  any 
natural  refractory  material.  Although  the  former  is  now  more  common, 
the  latter  is  still  used  to  some  extent,  as,  for  instance,  in  Styria,  where 
the  hearths  of  furnaces  smelting  white  forge-iron  are  built  of  blocks  of 
serpentine,  set  with  a  mortar  of  fire-clay  and  magnesite.  In  Sweden  the 
hearth  and  boshes  are  often  lined  with  a  mixture  of  crushed  quartz  and 
fire-clay,  rammed  round  a  core,  giving  the  required  profile.  When  fire- 
bricks are  used,  they  are  made  as  large  as  can  be  conveniently  handled, 
the  individual  bricks  being  moulded  in  segments  of  the  proper  curvature 
of  the  ring.  The  thickness  of  the  hearth  wall  is  from  30  to  42  inches  ; 
that  of  the  stack,  from  30  inches  at  the  bottom  to  2  feet  at  the  top. 

Fire-bricks  for  blast  furnaces  require  to  be  not  only  refractory,  but  to 
resist  corrosion  by  slags,  and  must  not  wear  too  rapidly  under  the 
abrading  action  of  the  descending  materials ;  these  requirements  are  best 
met  by  a  brick  that  is  not  too  fine  in  texture  nor  too  purely  siliceous. 
The  bricks  in  the  highest  repute  at  the  present  time  are  those  made  on 
tbe  Tyne,  and  in  the  West  of  Scotland  at  Garnkirk  and  Glenboig,  which 
are  now  largely  used  in  foreign  as  well  as  in  British  iron-works. 

For  the  hearth  bottom  blocks  of  strong  sandstone,  such  as  the  con- 
glomerates of  the  Millstone  Grit  or  New  Eed  Sandstone  formations,  are 
still  used  to  some  extent ;  but  generally  two  or  more  layers  of  heavy  fire- 
bricks, 2  to  3  feet  thick,  upon  a  bed  of  sand  are  preferred.  The  bricks 
are  laid  as  inverted  arches,  or  with  wedge-shaped  joints,  with  the  smaller 
ends  upwai-ds,  so  that  they  may  not  be  lifted  in  the  event  of  molten  iron 
working  through  the  joints. 

In  an  old  furnace,  such  as  that  represented  in  figs.  46,  47,  a  heavy 
pyramid  of  masonry,  formed  by  the  union  of  the  stack  pillars,  encloses 
the  furnace  proper,  a  hollow  space  being  left  between  the  stack  and 
casing  walls,  which  is  filled  with  broken  bricks  or  slags  to  allow  for 
change  of  shape  by  expansion  in  the  inner  wall;  but  in  all  modem 
furnaces  the  circular  form  is  adopted,  and .  the  amount  of  casing  to  the 
stack  proper  is  very  much  reduced.  The  progress  of  construction  in  this 
direction  will  be  seen  by  a  comparison  of  figs.  50,  61,  62,  and  64.  Tlie 
lighter  furnaces  are  known  as  cupola-fwmaces.  They  are  either  strength- 
ened by  numerous  bands  of  wrought-iron,  as  in  the  woodcuts,  held 
together  by  collars  or  screw-bolts,  or  are  entirely  cased  with  a  jacket  of 
wrought  iron  plates  rivetted  together,  the  latter  construction  being  now 
very  generally  adopted.  In  all  the  examples  given  above,  the  casing 
wall  is  thickened  at  the  top  to  give  support  to  the  charging  platform  or 
gallery  at  the  throat  of  the  furnace,  but  in  the  iron-cased  forms  the 
overhanging  weight  is  carried  on  brackets  rivetted  to  the  shell-plates. 
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In  Biittgenbach's  furnace,  which  was  originally  constructed  at  Keuss  in 
Prussia,  and  has  since  been  adopted  to  some  extent  in  other  places, 
tubular  pillars  of  cast-  or  wrought-iron  are  nsed  to  support  the  furnace 
top,  so  that  the  stack  being  entirely  relieved  of  weight,  no  outer  wall 
becomes  necessary,  and  it  may  be  constructed  of  a  single  thickness  of 
bricks.  Fig.  54  is  a  section  of  a  furnace  of  this  kind  erected  at  Anzin. 
The  tubes  that  support  the  tnnnel-head  platform  serve  also  as  gas- 
collectors  or  down-comers. 

Protection  of  the  Hearth  and  Boshes, — In  modern  blast-furnaces  blown 
with  highly  heated  air,  the  corrosive  action  of  the  fluxes  and  cinder 
npon  the  bricks  is  so  considerable  that  special  means  are  required  to  pro- 
tect the  lower  part  of  the  furnace.  This  is  done  by  building  into  the 
brickwork  of  the  hearth,  at  several  levels,  hollow  cast-  or  wrought-iron 
boxes  of  the  shape  of  the  bricks,  which  are  connected  with  each  other, 
and  with  a  water  main,  so  that  a  current  of  cold  water  may  be  maintained 
through  them.  This  chills  a  thin  layer  of  slag  upon  the  wall,  and  so 
protects  it  from  being  fluxed  by  the  lime  in  descending.  This  class  of 
construction  is  mainly  used  in  furnaces  smelting  manganiferous  ores.  In 
America  a  complete  water  casing  or  jacket  is  used  in  some  cases  to  a 
height  of  8  or  10  feet  above  the  hearth  bottom.  The  same  efiect  is  often 
obtained  by  keeping  water  flowing  over  the  outside  of  the  hearth  wall, 
and  for  the  same  reason  it  is  now  customary  to  use  much  thinner  walls 
than  formerly,  two  feet  being  considered  a  sufficient  thickness  for  the 
hearth  brickwork. 

The  points  of  most  active  combustion,  namely,  those  where  the  blast 
is  introduced,  are  protected  by  the  use  of  so-called  water-tuyers,  which 
are  cooled  by  a  continuous  circulation  of  water.     Fig&  48,  49,  are  an 


Fig.  48.— Water>Tuyer ;  longitudinal  section. 


Fig.  49.— Watcr-Tuyor  ;  side  view. 

example  of  a  water-tuyer  used  in  Staflbrdshire ;  it  may  be  made  of 
yirrought-  or  cast-iron,  copper,  or  bronze.     In  Scotland  the  cooling-water 
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is  supplied  by  a  wrougbt-iron  pipe  coiled  round  a  conical  mandrel,  and 
enclosed  in  a  mass  of  cast-iron.  Lloyd's  spray-tuyer  differs  from  tbe 
older  forms  in  being  open  at  tbe  back,  and  tbe  cooling-water  is  driven 
in  tbe  form  of  spray  from  tbe  end  of  a  perforated  pipe  against  tbe  port 
of  the  tuyer.  This  has  tbe  advantage  over  tbe  closed  tuyer  of  not  being 
liable  to  block  up  witb  deposit  wben  using  water  containing  lime  or 
mucb  suspended  matter. 

Tbe  tuyers,  wbicb  are  placed  in  tbe  same  borizontal  plane,  vary  in 
number,  according  to  tbe  size  of  tbe  furnace,  from  one  or  two  in  small 
charcoal  stacks  up  to  six  or  seven  in  tbe  largest  coke  furnaces.  When 
the  number  is  large,  they  are  usually  laid  witb  tbeir  axes  pointing  a  little 
away  from  tbe  centre  line  of  tbe  beartb.  As  a  rule,  tbey  are  borizontal, 
an  inclined  or  plunging  position  being  only  adopted  in  tbe  Styrian  fur- 
nace, making  white  forge-pig  witb  a  minimum  of  carbon. 

When  working  witb  very  refractory  slags,  as  in  smelting  ferro-manga- 
nese,  tbe  hearth  bottom  sometimes  rises  by  tbe  accretion  of  infusible 
masses  below  tbe  tuyers,  and  tbe  life  of  tbe  furnace  may  be  jeopardized  if 
means  are  not  provided  for  blowing  at  a  higher  level.  In  such  cases, 
therefore,  a  row  of  blank  tuyer^openings  are  built  into  tbe  furnace  above 
those  ordinarily  used,  so  that,  when  necessary,  tbe  wall  may  be  broken 
through  and  blast-nozzles  introduced.  These  are  generally  known  in 
England  by  tbe  name  of  monkey-tuyers. 

The  under  side  of  tbe  arch,  covering  tbe  fore-hearth,  is  sometimes 
protected  by  a  water-cooled  casing  wbicb  is  known  as  tbe  tymp. 

This  covering  of  tbe  fore-hearth,  wbicb  is  bounded  in  front  by  tbe 
dam,  is  called  the  tympwch,  and  is,  in  large  furnaces,  protected  by  a 
casting,  having  within  it  a  wrougbt-iron  pipe  through  which  a  current  of 
cold  water  is  conducted,  in  order  to  protect  tbe  brickwork  from  intense 
heat  and  from  tbe  corrosive  action  of  molten  slag. 

A  semicircular  depression  on  tbe  top  edge  of  tbe  dam,  known  as  tbe 
cinder-fioick^  forms  a  passage  for  the  slags,  which  are  often  moulded  into 
large  blocks  by  being  run  into  a  shallow  iron  truck,  provided  with 
movable  sides.  When  this  cinder-tub  has  become  full,  it  is  removed  and 
replaced  by  an  empty  one ;  as  soon  as  it  has  sufficiently  cooled  to  become 
solidified,  tbe  block  of  slag,  which,  in  some  cases,  weighs  several  tons, 
is  lifted  from  the  waggon  and  thrown  on  tbe  cinder-heap,  i  In  small 
furnaces,  and  particularly  in  those  in  which  charcoal  is  the  fuel  em- 
ployed, tbe  front  of  the  dam  is  formed  into  an  inclined  plane,  or  cinder^ 
fciU^  on  which  the  slag  solidifies  in  thin  layers,  and  may  be  readily 
removed  by  manual  labour.  In  Staffordshire,  slags  are  allowed  to  collect 
in  a  basin  in  the  floor  of  the  casting-bouse,  called  tbe  roitghing-Jiole,  and 
when  sufficiently  consolidated  are  lifted,  by  mcj^ns  of  a  crane,  upon  a 
waggon  and  carried  to  tbe  cinder-tip. 

The  tap-hole  for  withdrawing  the  molten  iron  from  tbe  furnace  is  in 
the  form  of  a  narrow  vertical  slot  passing  through  tbe  dam  and  damplate, 
and  extending  from  tbe  bottom  of  tbe  hearth  to  a  height  of  about  eighteen 
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inches  above  it  This  is  easily  stopped  by  a  packing  of  sand  tightly 
rammed  into  it,  and  remains  closed  during  the  filling  of  the  hearth,  but  is 
readily  penetrated  by  a  pointed  iron  bar  at  the  time  of  casting. 

The  space  between  the  top  of  the  dam  and  the  tymp«rch  is  also 
closed  either  by  sand  or  by  a  temporary  wall  of  fire-brick  and  day,  a 
small  passage  for  the  escape  of  slag  being  alone  left  open.  Sometimes 
the  level  of  the  dam  is  raised  above  that  of  the  bottom  of  the  tymp^ 
causing  the  metal  in  the  hearth  to  be  covered  by  a  bath  of  molten 
slag,  from  which  a  stream  flows  continuously,  as  the  fore-hearth  is  not 
stopped. 

In  many  modern  furnaces  the  open  fore-hearth  and  dam  are  dispensed 
with,  the  hearth  being  closed  all  round,  and  a  special  tuyer  provided  for 
the  removal  of  the  slag.  This,  known  as  Lurman's  slag-tuyer,  is  a  water- 
tuyer  of  peculiar  shape,  with  an  aperture  of  about  2  inches  diameter. 

On  either  side  of  the  tymp,  cast-iron  plates  with  vertical  notches  are 
frequently  placed  for  the  purpose  of  affording  support  to  the  heavy  tools 
employed  in  clearing  the  hearth,  and  for  other  operations  connected  with 
the  routine  of  working  the  furnace. 

When  the  gases  are  allowed  to  bum  freely  at  the  throat  of  the  furnace, 
it  becomes  necessary  to  provide  a  chimney  to  carry  the  flame  dear  of  the 
charging  place.  This,  called  the  tunnd-head^  consists  of  a  cylinder  of 
brickwork  from  8  to  12  feet  in  height,  varying  in  diameter  with  the 
size  of  the  furnace ;  it  rests  on  the  platform,  and  is  strongly  bound  with 
wrought-iron.  When  the  gases  are  collected  for  the  purpose  of  being 
employed  as  fuel,  the  arrangements  of  the  head  of  the  furnace  are  of  a 
more  complicated  nature.  Some  of  these  will  be  described  when  treating 
of  the  employment  of  waste  gases. 

Figs.  50-54  will  serve  to  show  the  nature  of  the  progressive  changes 
which  have,  within  the  last  thirty  years,  taken  place  in  the  construction 
of  the  blastrfumace  in  this  country.  Fig.  50  is  a  vertical  section  of  a 
blast-fumaco  at  Oldbury,  built  about  1853,  blown  with  six  tuyers. 
Fig.  51  is  one  of  the  older  furnaces  at  the  Stockton  Iron- Works; 
and  fig.  52,  one  of  a  pair  erected  at  Ditton  Brook,  near  Warrington, 
in  1872,  which  have  closed  tops,  and  from  which  the  waste  gases  are 
drawn  off  to  be  used  as  fuel.  Fig.  53  is  a  horizontal  section  of  this  fur^ 
iiace  immediately  below  the  level  of  the  tuyers.  It  will  be  seen  that  the 
body  of  the  masonry  is  supported  by  five  brickwork  pillars,  a.  Hot-blast 
is  employed,  heated  by  the  waste  gases,  and  introduced  into  the  furnace 
through  four  tuyers. 

When  furnaces  are  slightly  built  and  are  closely  hooped  or  entirely 
cased  with  iron,  the  superstructure  is  frequently  supported  on  cast- 
iron  standards,  and  they  are  entirely  encased  with  boiler-plate  to  the 
throat. 

In  order  that  moisture  may  readily  escape,  and  the  brickwork  be 
prevented  from  splitting,  through  the  pressure  of  confined  vapour,  the 
masonry  constituting  the  exterior  casing  of  the  older  furnaces  is  often 
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traTersed  by  numeFOus  small  channels,  by  which  the  drying  of  the  mass 
is  facilitated.  The  work  is  strongly  bound  together,  on  the  outside,  by 
iron  bands,  which  are  made  to  bind  tightly  either  by  keys  or  by  screws 


Fig.  50.— Blaat- Furnace,  Oldbury  ;  vertical  section. 
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and  nuts.  When  the  furnace  is  rectangular  these  bands  are  held  together 
by  long  vertical  bars,  to  which  they  are  attached  by  loop-eyes  or  strong 
screw-bolts,  and  by  this  means  great  strength  and  solidity  are  communi- 


Tig,  51.— Blast-Furnace,  Stockton  ;  vertical  section. 
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catd  to  the  structure.  The  dimensions  of  blast-furnaces  differ  very  much, 
according  to  the  period  at  which  they  were  erected  and  the  nature  of  the 
ores  operated  on.     The  height  is  extremely  variable,  some  furnaces  being 


Fig.  52.-^Blaat-Furnace,  Ditton  Brook  ;  vertical  section. 
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only  about  30  feet  high,  including  the  chimney,  whilst  others  reach  an 
elevation  of  over  90  feet. 

The  most  common  height  is,  however,  from  50  to  70  feet,  exclusive 
of  the  chimney,  which,  when  present,  is  from  8  to  ]  2  feet  in  length,  and 
is  formed  of  radial  bricks,  bound  by  stout  iron  rings  and  girders ;  door- 
ways are  left  in  the  sides  for  the  introduction  of  ore  and  fuel    The 


Fig.  53.— Bloiit-Furuace,  Ditton  Brook  ;  section  through  heartli. 


throat  is  protected  by  a  large  annular  plate  of  cast-iron,  and  on  this  rest 
the  foundations  of  the  chimney. 

In  building  blast-furnaces  it  is  now  usual  to  avoid  abruptly  varying 
slopes,  and  the  diameter  is  sometimes  continuously  increased  from  the 
throat  to  the  boshes,  and  is  thence  contracted  downward  to  the  hearth 
bottom  in  a  somewhat  similar  way.  In  Scotland  this  form  of  furnace  is 
employed,  with  the  addition  of  a  wide  cylindrical  hearth.  Slightly  curved 
stacks,  with  conical  boshes  and  cylindrical  hearths,  are  almost  universal 
in  the  Cleveland  district,  but  in  South  Wales  the  boshes  are  often 
conical,  while  the  stack,  which  is  for  a  certain  distance  cylindrical,  is 
terminated  by  a  species  of  dome.  The  angle  of  the  boshes  is  now  made 
much  steeper  than  formerly,  following  the  practice  of  charcoal  furnaces. 
In  America,  a  bosh  angle  of  78*  to  82*  is  now  (1885)  commonly  adopted. 

In  French  and  German  furnaces  curved  outlines  are  less  common 
than  in  this  country,  and,  in  the  majority  of  cases,  their  hearths  are 
proportionately  smaller  than  in  burs.  Swedish  charcoal  furnaces  are  of 
considerable  height  as  compared  with  their  diameter,  and  the  hearth  and 
boshes  form  part  of  the  same  cone,  which  is  usually  very  acute.  The 
stack  is  commonly  cylindrical     Fig.  55,  from  Percy,  is  a  vertical  section 
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of  a  furnace  erectod  in  1857  at  Sten,  near  Finspong.  In  all  essential 
respects  this  furnace  is  similar  to  those  constructed  in  England,  and  con- 
sists of  an  inner  lining  of  fire-brick  and  an  outer  shell  of  less  refractory 
material     The  hot-blast  stove  is  heated  by  the  waste  gases  withdrawn 


Fig.  64.— Btlttgenbach's  Blast- Furnace ;  vertioftl  section. 
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from  the  opening,  a,  in  the  upper  part  of  the  furnace,  and  the  air-pip^ 
are  so  arranged  that,  when  necessary,  the  blast  may  enter  the  furnace 
without  being  heated  by  first  passing  through  the  stove.  Nearly  opposite 
the  opening,  a,  is  another,  by  which  a  portion  of  the  gas  is  drawn  off  for 
the  purpose  of  supplying  fuel  to  the  kiln  in  which  the  calcination  of  the 
ores  is  effected ;  the  mouth  of  this  furnace  always  remains  open. 

The  height  and  other  dimensions  of  blast-furnaces  differ  according  to 
the  nature  of  the  ore  treated  and  of  the  fuel  employed,  and  no  general 
rules  can  be  laid  down  with  regard  to  the  form  best  suited  for  any  parti- 
cular class  of  ore.  The  most  useful  guide  in  the  construction  of  a  blast- 
furnace is  afforded  by  the  condition  of  other  furnaces  when  they  are 
blown  out  after  workins;  the  same  kind  of  ore  under  similar  conditions. 


Fig.  65.— Swedish  Charcoal  Furnace ;  vertical  section. 


It  is  evident  that,  by  constructing  the  various  parts  in  accordance  with 
the  indications  thus  obtained,  not  only  a  certain  amount  of  fuel  may  be 
economized,  but  the  apparatus  may  be  brought  to  its  best  working  con- 
dition more  quickly  than  in  the  case  of  the  most  suitable  form  having  to 
be  obtained  by  the  erosive  action  of  the  slags. 
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An  increased  production  of  iron  from  a  given  burden  can  only  be  ob- 
tained by  augmenting  the  smelting  power  of  the  furnace  in  which  it  is 
treated,  since  it  is  manifest  that  fresh  charges  can  be  introduced  only  in 
proportion  to  the  rapidity  with  which  those  which  have  preceded  them 
are  removed.  The  power  of  fusion  is  mainly  dependent  on  the  rapidity 
with  which  fuel  is  consumed  by  the  oxygen  of  the  blast ;  and  as  the  com- 
bustion of  fuel  is  chiefly  confined  to  the  region  of  the  tuyers,  it  follows 
tliat  by  augmenting  the  diameter  of  the  hearth  an  enlarged  area  of  active 
combustion  is  obtained. 

The  height  of  a  blast-furnace  should  be  mainly  regulated  by  the 
character  of  the  fuel  employed,  as  regards  its  power  of  resisting  the 
crashing  action  of  a  large  number  of  charges  forming  a  high  column  of 
materials ;  very  high  furnaces  are  consequently  not  used  with  tender  fuel, 
and  the  favourable  results  obtained  from  the  tall  furnaces  in  the  Cleve- 
land district  are,  to  a  great  extent,  due  to  the  exceedingly  resistant  nature 
of  the  coke  employed  as  fuel.  The  height  of  furnaces  in  which  anthracite 
is  employed  is  not  generally  great,  since  the  fuel  is  liable,  by  decrepi- 
tating, to  cause  obstructions,  which  are  only  to  be  avoided  by  the  use  of  a 
more  than  usually  powerful  blast.  Such  furnaces  are,  therefore,  generally 
low,  wide,  and  blown  by  a  considerable  number  of  tuyers.  It  is  of  great 
importance  that  the  dimensions  of  a  furnace  should  be  so  regulated  that 
the  reduction  of  the  ore  may  take  place  at  a  low  temperature,  as  otherwise 
silicates  of  iron  will  result,  with  the  formation  of  scouring  slags  and  the 
production  of  white  cast-iron.  The  harder  a  furnace  is  driven,  all  other 
conditions  being  the  same,  the  greater  will  be  the  deterioration  in  the 
quality  of  the  metal  produced,  caused  by  the  more  rapid  descent  of  the 
charges;  it  consequently  follows  that  to  manufacture  an  increased 
quantity  of  iron,  without  injury  to  its  quality,  it  is  necessary  to  employ 
a  larger  furnace. 

The  following  table,  published  by  Mr.  Gjers,  in  the  *  Journal  of  the 
Iron  and  Steel  Institute,'  shows  the  progressive  increase  in  size,  during 
twenty  years,  of  Cleveland  blast-furnaces,  giving  their  dimensions  and 
capacity  in  the  order  of  their  respective  dates. 
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DiicBNBioKB  or  Blast-Furnacbs. 


Date. 

Name  of  Firm. 

Fumacee. 

Height 

Width  of 
Boshes. 

Capwjity. 

No. 

Feet. 

Feet 

CuUc  feet 

1851 

Bolokow  k  Vanghan 

3 

42 

15 

4,566 

1858 

Bell  Brothers 

6 

47J 

164 

«,174 

M 

Gilkes,  WilMn.  Pease  k  Co. 

2 

454 

144 

5,100 

tf 

Bolckow  k  Vanghaa     . 

6 

54 

15 

7,166 

1854 

Cochrane  A;  Co.     . 

4 

55 

16 

7,175 

tf 

B.  Samuelson  &  Co.       . 

3 

50 

14 

5,060 

t$ 

Bolckow  k  Vaughan     . 

3 

54 

15 

7,116 

t* 

Gilkes,  Wilson.  Pease  k  Co. 

2 

55 

144 

6,800 

1856 

Stockton  Furnace  Company  . 

8 

50 

16 

6,841 

»t 

Norton  Iron  Company  . 

3 

50 

15 

6,000 

1858 

Thomas  Vaughan  . 

6 

56i 

16 

7.000 

It 

Hopkins.  Gilkes  k  Ca  . 

2 

56 

16 

7.200 

ft 

Jones,  Dunning  k  Co.  . 

2 

58 

17 

8,000 

•f 

Bolckow  k  Vaughan 

1 

61 

164 

7,960 

1861 

Gilkes,  Wilson,  Pease  k  Co. 

1 

55 

16 

7.700 

tf 

Whitwell  A;  Co.     . 

3 

60 

20 

12.778 

1862 

Bokkow  k  Vaughan     . 

2 

75 

164 

11.985 

1864 

B.  Samuelson  &  Co.      . 

4 

69 

20 

15,500 

ft 

Thomas  Vaughan 

8 

70 

18 

12,000 

f> 

Lloyd  &  Co.  . 

4 

67 

20 

15.000 

ft 

Thomas  Vaughan . 

6 

81 

19 

16,000 

ft 

Stevenson,  Jacques  k  Ca 

3 

70 

224 

17.000 

1865 

Gilkes,  Wilson,  Pease  k  Co. 

2 

75 

5J1 

17,700 

It 

Bell  Brothers 

2 

80 

20i 

15,500 

ft 

Bolckow  k  Vaughan     . 

2 

95i 

16 

15.050 

1866 

Bolckow  k  Vaughan     . 

1 

75 

20 

12,972 

If 

Hopkins,  Gilkes  k  Ca  . 

2 

76 

24 

20,000 

ff 

Swan,  Coates  k  Ca 

2 

75 

20 

16,090 

ft 

Bell  Brothers 

2 

80 

17 

n.500 

1867 

Norton  Iron  Company  . 

2 

85 

25 

26.000 

tt 

Cochrane  &  Co.     . 

2 

76 

28 

20.624 

1868 

Gilkes,  Wilson,  Pease  k  Co. 

1 

75 

24 

22,600 

ft 

Stevenson,  Jacques  k  Ca 

1 

70 

284 

18,000 

ft 

B.  Samuelson  k  Co. 

1 

69 

214 

1«,000 

tf 

Lloyd  &  Ca  . 

2 

80 

214 

18,000 

ff 

Jones,  Dunning,  k  Co.  . 

3 

73 

18 

12.000 

ft 

Bolckow,  Vaughan  k  Co. 

2 

954 

22 

26,940 

t« 

Bolckow,  Vaughan  k  Co. 

1 

964 

23 

28,800 

1869 

Thomas  Vaughan . 

3 

85 

25 

26,000 

1870 

Bell  Brothers 

4 

80 

25 

25.000 

ff 

Stockton  Furnace  Company 

2 

80 

24 

24,613 

t* 

Swan,  Coates  k  Ca 

1 

75 

23i 

22.229 

„      '  Cochrane  &  Co.     . 

2 

90 

80 

41,149 

ft 

Gilkes,  Wilson,  Pease  k  Ca 

2 

85 

27 

32,000 

B.  Samuelson  k  Co. 

2 

85 

28 

80,000 

1871 

Gjers,  Mills  k  Co. 

2 

85 

25 

26,000 

ff 

Lackenby  Iron  Company 

2 

854 

254 

26,676 

fi 

Bolckow,  Vaaghan  &  Co.       . 

2 

954 

24 

28,950 

Blowing-Machinery. — The  blowing-ninchine  ordinarily  employed, 
fig.  56,  consists  of  a  large  cast-iron  cylinder,  A,  accurately  turned  on  the 
inside,  and  provided  with  a  piston,  P,  made  air-tight  by  a  packing  often 
consisting  of  tressed  hemp.  The  cylinder  is  closed  at  both  extremities 
by  iron  ends,  and  on  the  cover  is  a  atuffing-box,  through  which  passes 
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the  rod,  R,  connected  with  the  piston.  The  cover  of  the  cylinder  is  pro- 
vided with  openings  communicating  with  the  outer  air,  and  furnished 
with  valves,  v,  opening  towards  the  inside.  Another  valve,  v\  on  the 
contraij,  opens  outwards,  and  communicates  with  a  lateral  chamber,  B, 
also  of  cast-iron.  The  lower  end  of  the  cylinder  is  provided  with  similar 
apertures  and  valves,  those  marked  v,  which  establish  a  communication 
between  the  external  air  and  the  space  beneath  the  piston,  open  inwards, 
whilst  the  opening  communicating  with  the  lateral  chamber  is  closed  by 
a  valve,  v\  shutting  in  an  opposite  direction. 


Fig.  56.— BlAst-Cylinder,  Dowluia ;  vertical  section. 

The  better  to  understand  the  action  of  this  apparatus,  let  us  suppose 
that  the  piston  has  been  raised  to  its  full  height  in  the  cylinder,  and  has 
begun  to  be  again  forced  down.  If  the  valves  v  are  closed,  the  air  con- 
tained in  the  upper  part  of  the  vessel  gradually  becomes  more  and  more 
rarefied,  and  the  difference  of  density  between  the  air  in  this  part  of  the 
cylinder,  and  that  of  the  blast  in  the  chamber,  B,  will  cause  the  valve  v' 
to  apply  itself  firmly  against  the  metallic  surface  before  which  it  is  hung. 
The  valves  r,  on  the  contrary,  which  open  inwards,  will  be  lifted  as  soon 
as  the  difference  between  the  density  of  the  enclosed  air  and  that  of  the 
atmosphere  is  sufficiently  great  to  overcome  the  resistance  caused  by  their 
mechanical  adjustments ;  and  in  proportion  as  the  piston  descends,  the 


220  ELEMENTS   OF  METALLURGY. 

space  behind  it  will  he  occupied  by  a  supply  of  atmos{»heiic  air  arriYing 
from  without. 

The  motion  which  causes  the  air  above  the  piston  to  dilate,  will 
evidently  at  the  same  time  compress  that  which  is  beneath,  in  proportion 
as  it  approaches  the  bottom  of  the  cylinder,  and  cause  the  lower  valves  v, 
opening  inwards,  to  close  firmly  against  the  polished  metal  surfaces  to 
which  they  are  attached  ;  whilst  that  marked  v\  hung  in  a  contrary  direc- 
tion, will  open  and  allow  the  air  to  pass  into  the  chamber,  B,  whence 
it  escapes,  through  the  aperture,  O,  to  the  pipes  connected  with  the 
tuyers  of  the  fumacea  In  this  way  the  upper  portion  of  the  cylinder 
draws  the  air  from  without  during  the  descent  of  the  piston,  and  forces 
that  which  is  beneath  it  through  the  chamber  into  the  pipes  with  which 
it  is  connected.  When  the  piston  is  raised,  the  reverse  of  this  takes 
place :  the  lower  portion  receives  air  from  without,  whilst  the  upper  dis- 
chai*ges  that  which  it  contains  through  the  pipes  leading  to  the  tuyers. 
The  machine  is  by  this  means  made  to  throw  into  the  furnace  a  nearly 
continuous  flow  of  air ;  the  only  time  at  which  the  current  is  interrupted 
being  that  at  which  the  piston  has  reached  the  full  extent  of  its  stroke, 
and  before  it  has  begun  to  move  in  a  contrary  direction. 

As,  however,  it  is  of  importance  that  the  regularity  of  the  blast  should 
be  maintained,  the  pipe,  0,  leading  from  the  chamber,  B,  is  made  to  com- 
municate with  a  closed  reservoir  of  wrought-iron,  where  the  variations 
referred  to  are  lost  through  the  elasticity  of  the  air  itself.  The  piston  of 
the  blowing  machine  is  now  almost  invariably  worked  by  steam  power, 
being  often  attached  by  a  parallel  adjustment  to  the  oscillating  beam  of 
an  engine.  In  some  cases  each  machine  is  provided  with  two  blowing 
cylinders  acting  alternately  at  each  stroke  made  by  the  beam,  by  which 
the  motion  is  communicated.  The  power  required  to  work  an  apparatus 
of  this  kind  necessarily  depends  on  its  size,  and  also  on  that  of  the 
furnace  or  series  of  furnaces  which  it  suppliea 

Blowing-Engine  at  Dowlais  Iron-Works. — The  large  blowing-engine 
at  the  Dowlais  Iron- Works,  a  section  of  the  air  cylinder  of  which  is 
given  fig.  56,  was  erected  in  1851  by  Mr.  Truran,  and  has  been  described 
by  Mr.  Menelaus  in  the  *  Transactions  of  the  Institute  of  Mechanical 
Engineers.'  Fig.  57  is  a  side  elevation  of  this  engine.  The  blowing- 
cylinder,  A,  is  144  inches  in  diameter,  with  a  stroke  of  12  feet,  making 
20  double-strokes  per  minute,  the  pressure  of  the  blast  being  3^  lbs.  per 
square  inch. 

The  discharge-pipe,  0,  is  5  feet  in  diameter,  and  about  140  yards  in 
length;  thus  answering  the  purpose  of  a  regulator.  The  area  of  the 
entrance  air-valves  ia  56  square  feet.  The  amount  of  air  discharged  per 
minute,  at  the  above  pressure,  is  about  44,000  cubic  feet 

The  steam-cylinder,  C,  is  55  inches  in  diameter,  has  a  stroke  of  13 
feet,  with  a  steam  pressure  of  60  lbs.  on  the  square  inch,  and  works  up 
to  650-horse  power.  Steam  is  cut  oif  when  the  piston  has  made  one- 
third  of  its  course.     There  is  also  on  one  side  of  the  steam-nozzle  a  small 
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separate  slide-valve  for  moving  the  engine  by  hand  when  starting.  The 
cylinder-ports  are  24  inches  wide  by  5  inches  in  depth,  and  the  slide- 
valve  has  a  stroke  of  11  inches  with  a  lap  of  half  an  inch.  This  engine 
is  non-condensing,  and  the  exhaust-steam  is  discharged  into  a  cylindrical 
heating-tank  7  feet  in  diameter  and  36  feet  in  length,  containing  the 
water  employed  for  feeding  the  boilera ;  beneath  the  steam-cylinder 
there  are  about  75  tons  of  cast-iron  framing,  and  10,000  cubic  feet  of 
masonry. 

The  beam  is  cast  in  two  parts,  each  weighing  about  16^  tons,  the  total 
weight  upon  the  gudgeons  being  44  tons.  It  is  40  feet  1  inch  from 
outside  centre  to  outside  centre,  and  is  connected  to  the  crank  on  the 
fly-wheel  shaft  by  an  oak  sweep -rod,  strengthened  from  end  to  end  by 


Fig.  67.— Blowing-Engine,  Dowlais. 


\rrought-iron  straps.  The  fly-wheel,  D,  is  22  feet  in  diameter,  and  weighs 
35  tons.  Steam  is  supplied  by  eight  Cornish  boilers,  each  42  feet  long 
and  7  feet  in  diameter,  with  a  single  internal  flue,  4  feet  in  diameter,  in 
which  there  is  a  fire-place  9  feet  long. 

For  some  time  this  engine  supplied  blast  to  eight  large  furnaces, 
varying  in  diameter  from  16  to  18  feet  at  the  boshes ;  it  is  now,  in  con- 
junction with  three  other  engines  of  smaller  size,  blowing  twelve  fur- 
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naces,  some  of  which  make  upwards  of  235  tons  of  good  forge  pig-iron 
per  week ;  the  weekly  make  of  the  twelve  furnaces  is  about  2,000  tons 
of  forge-pig*. 

With  the  exception  of  the  cylinders,  which  were  made  and  fitted  at 
the  Perran  Foundry,  Cornwall,  the  engine  and  boilers  were  made  at  the 
Dowlais  Works,  under  the  superintendence  of  the  Company's  engineer. 

Blowing- Engiiies  in  the  North  of  England, — The  blowing- engines 
employed  in  the  North  of  England  are  often  of  vertical  construction,  and 
are  sometimes  coupled  in  pairs,  having  a  fly-wheel  between  them,  with 
cmnks  at  riglit  angles,  as  in  fig.  58,  which  represents  the  arrangement 
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Fig.  58.— Blowiug-Engliio,  Newport 

employed  at  Newport,  near  Middlesborough,  described  by  Sir  B.  Samuel- 
son  (May  1871),  in  a  paper  read  before  the  Institute  of  Civil  Engineers. 
The  substitution  of  slide-valves  driven  by  eccentrics  for  clack-valves. 
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for  the  admission  and  discharge  of  the  air  from  blast-cylinders,  has  been 
tried  at  different  times ;  but  such  engines  have  not  been  found  advan- 
tageous, owing  to  the  large  amount  of  friction  on  the  valve-surfaces,  and 
the  great  wear  and  tear  to  which,  from  the  rapid  motion,  the  machinery 
is  subjected. 

In  Austria  small  direct-acting  blast-engines,  having  the  steam-cylinder 
uppermost^  are  much  used  for  charcoal  furnaces ;  they  are  generally  of 
small  dimensions,  averaging  from  25-  to  SO-horse  power,  and  deliver  from 
2,300  to  2,500  cubic  feet  of  air  per  minute. 

Horizontal  blast-engines  are  often  preferred  in  Rhenish  Prussia ;  the 
cylinders  are  placed  on  the  same  line,  and  the  rod  which  carries  the 
piston  passes  through  both  covers  of  the  blast-cylinder,  and  runs  in  guides 
on  either  side.  Two  engines  of  this  description  are  not  onfrequently 
coupled,  but  they  are  so  constructed  that  one  of  them  may  be  readily 
thrown  off  in  case  it  should  not  be  required.  An  engine  of  from  30-  to 
40-horse  power  is  sufficient  for  blowing  an  ordinary  charcoal  furnace,  but 
a  single  furnace  working  with  coke  requires  a  blowing-engine  of  from 
90-  to  lOO-horse  power. 

The  pressure  of  the  blast  varies  with  the  nature  of  the  fuel  employed 
and  the  burden  of  the  furnace.  In  some  parts  of  Europe  the  pressure  of 
air  employed  for  charcoal  furnaces  does  not  exceed  f  inch  of  mercury, 
while  in  American  anthracite  furnaces  a  pressure  of  15  inches,  corre- 
sponding to  7^  lbs.  per  square  inch,  is  often  used.  In  this  country, 
with  tender  fuel,  a  pressure  of  from  2^  to  3  lbs.  is  employed,  but  with 
hard  coke  it  ranges  from  3^  to  5  lbs.  per  square  inch. 

The  practice  of  blowing  several  furnaces  with  one  engine,  although 
mechanically  economical,  is  attended  with  considerable  risk  should  any 
break-down  of  the  machinery  take  place.  It  is,  therefore,  always  desirable 
that  there  should  be  a  reserve  of  blowing  power,  and  that  the  work  should 
be  so  distributed  between  two  or  more  machines,  that  in  case  of  an  acci- 
dent to  one  of  them  the  blast  may  still  be  efficiently  kept  up.  When  there 
is  but  one  furnace,  a  pair  of  coupled  engines,  capable  of  being  worked 
independently  of  each  other,  may  be  employed  with  advantage. 

The  steam  power  required  for  furnishing  the  blast  to  a  modern 
furnace  of  large  size  is  estimated  at  2^-horse  power  per  ton  of  coke  burnt 
per  twenty- four  hours.  Thus  a  furnace  making  90  tons  daily  with  a  coke 
consumption  of  21  cwts.  requires  2-5  x  1-06  x  90  =  236J-horse  power.  The 
large  American  furnaces,  making  200  tons  and  upwards  per  day,  take  as 
much  as  500-horse  power  to  blow  them,  which  is  usually  distributed  over 
several  small  engines. 

On  account  of  the  variations  of  pressure  at  the  different  parts  of  the 
stroke  and  the  pulsations  caused  by  the  reciprocating  action  of  the  piston, 
the  blast  issues  from  the  blowing-cylinder  with  a  somewhat  irregular  flow. 
In  order,  therefore,  to  obtain  a  steady  blast  from  the  various  nozzles,  it 
becomes  necessary  to  employ  some  means  for  rendering  the  pressure 
constant     This  may  be  effected  either  by  receiving  the  blast  in  a  reservoir 
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having  a  capacity  several  times  greater  than  that  of  the  hlowing-cylinder, 
or  by  delivering  it  into  a  second  cylinder  provided  with  a  loaded  piston, 
which  rises  when  the  amount  of  blast  increases,  but  falls  and  exercises  a 
compressing  action  when  the  supply  of  air  is  temporarily  diminished. 

The  same  result  may  be  obtained  by  the  use  of  a  loaded  bell  floating, 
like  a  gas-holder,  in  water ;  but  fixed  reservoirs  of  sufficient  capacity  are 
equally  efficient,  and  are  now  generally  preferred.  These  are  usually 
made  of  sheet-iron,  and  had  formerly  a  spherical  or  dome-like  form,  but 
they  are  now  more  frequently  cylindrical,  and  should  have  a  capacity 
from  forty  to  fifty  times  greater  than  the  volume  of  air  delivered  per 
second  by  the  blowing-engine.  When,  however,  the  blast-main  is  long 
and  of  considerable  diameter,  with  two  or  more  engines  blowing  into  it 
at  the  same  time,  it  frequently  happens  that  sufficient  uniformity  of 
pressure  can  be  obtained  without  the  use  of  a  special  regulator.  In  some 
of  the  old  iron-works  a  brickwork  chamber,  lined  with  cement,  was  used 
as  a  regulator  for  the  blast. 

Hot-Blast. — A  patent  was  granted  in  1828  to  Mr.  James  Beaumont 
Neilson  entitled  '  Improved  Application  of  Air  to  produce  Heat  in  Fires, 
Forges,  and  Furnaces,  where  Bellows  or  other  blowing  Apparatus  are 
required.'  There  is  reason  to  believe  that  the  patentee  had  originally  no 
just  conception  of  the  great  value  of  his  invention,  or  of  the  important 
influence  it  was  destined  to  exert  on  the  manufacture  of  iron.  The  par- 
ticular reference  made  by  him  in  his  specification  to  smiths'  fires  and 
iron-founders'  cupolas,  would  seem  to  indicate  that  he  regarded  his  inven- 
tion as  being  more  particularly  applicable  to  such  purposes  than  to  the 
blast-furnace. 

Mr.  Neilson,  and  others  with  whom  he  had  entered  into  partnership, 
granted  a  license  in  1832  to  Messrs.  Baird,  the  proprietors  of  the  Gart- 
sherrie  Iron- Works,  Scotland,  in  consideration  of  receiving  one  shilling 
per  ton  on  the  iron  produced  at  their  establishment  This  payment  was 
subsequently  disputed  by  the  licensees,  principally  on  the  ground  of 
insufficient  description  and  want  of  novelty,  but  they  further  contended 
that  cold-blast  was  practically  more  economical  The  trial  took  place  at 
Edinburgh  in  1843,  when  the  jury  awarded  the  patentees  damages  to 
the  amount  of  £11,867,  16s.  The  value  of  this  invention,  which,  at  a 
comparatively  recent  date,  was  thus  disputed,  is  now  universally  admitted, 
and  the  employment  of  the  hot-blast  has  been  proved  not  only  to  be 
attended  with  a  great  economy  of  fuel,  but  at  the  same  time  has  been 
found  to  increase  the  productive  power  of  the  furnace.  Heated  air  is 
consequently  at  the  present  time  employed  to  the  almost  total  exclusion 
of  cold-blast,  in  all  the  principal  iron-producing  districts  of  the  world ; 
cold-blast  being  retained  only  for  the  production  of  certain  special  brands 
of  cast-iron  which  command  a  high  price,  and  may  therefore  be  manu- 
factured at  a  correspondingly  enhanced  cost. 

The  temperature  to  which  the  blast  may  be  advantageously  raised 
appears  to  be  limited  only  by  the  wear  and  tear  of  the  apparatus  and  by 
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the  difficulty  of  keeping  it  tight  when  the  air  is  very  strongly  heated. 
The  hUst  is  not  generally  heated  heyond  350*  or  400'  C.,  hut  it  is  found 
that  hy  using  air  heated  to  650'  instead  of  400'  C,  a  saving  of  5  cwts.  of 
coke  per  ton  of  iron  made  can  he  effected.  In  some  cases  the  hlast  is 
now  used  at  a  visibly  red  heat,  or  about  600'  C,  hut  when  such  extreme 
temperatures  are  employed  the  rapid  destruction  of  the  metallic  pipes 
of  the  stove  renders  a  special  construction  of  the  heating  apparatus 
necessary. 


Fig.  50.— Common  Stove;  transvene  section 


Common  Stove, — An  apparatus  commonly  employed  for  producing 
hot-blast  of  comparatively  low  temperature  consists  of  a  series  of  parallel 
tubes,  arranged  in  a  fire-brick  chamber,  where  they  are  heated  externally, 
either  by  the  combustion  of  solid  fuel,  or  by  that  of  the  waste  gases  from 
the  furnace.  One  end  of  these  tubes  is  in  communication  with  a  main, 
which  supplies  cold  air  from  the  blowing-engine,  while  the  other  is  con- 
nected with  that  which  conveys  heated  air  to  the  tuyere.     In  the  older 
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stoves  the  fire-place  is  rectangular,  and  two  mains,  which  are  parallel  to 
the  longer  sides  and  circular  in  section,  are  provided  with  a  number  of 
sockets  into  which  the  ends  of  the  heating-pipes  are  cemented. 

These  pipes,  similar  in  section,  and  having  the  form  of  a  syphon 
or  arch,  are  placed  in  the  position  shown  in  fig.  59,  which  represents  a 
transverse  section  of  a  hot-blast  stove ;  their  extremities  are  severally 
attached  to  the  mains,  a  and  &,  bj.^  cement  joints.  The  grate,  e,  ex- 
tends along  the  whole  length  of  the  apparatus,  and  the  fiame  ami 
heated  gases,  after  playing  against  the  under  sides  of  the  tubes,  pass 
around  and  between  them,  finally  escaping  to  a  chimney  provided  for 
that  purpose.  The  cold  air  from  the  blast-engine,  entering  by  the  main, 
a,  on  one  side,  fiows  continuously  through  the  arched  pipes,  where  it 
becomes  heated,  and  passes  oflF  to  the  tuyers  by  the  opposite  main,  6. 
In  order  to  obtain  a  larger  amount  of  heating  surface,  the  arched  or 
horse-shoe  pipes  are  usually  made  with  a  flattened  elliptical  section 
instead  of  a  circular  one,  and  inverted  Y-shaped  pipes  are  frequently  em- 
ployed instead  of  those  of  the  arched  form  shown  in  the  engraving.  The 
heating  power  of  the  apparatus  has  also  been  augmented  by  the  introduc- 
tion of  stops  in  the  mains,  by  which  the  air  is  compelled  to  pass  alternately 
backwards  and  forwards  through  the  vertical  pipes  before  being  con- 
ducted to  the  furnaces.  In  all  cases  the  cold  air  is  introduced  at  one 
end  of  the  stove,  and  passes  oflf  to  the  tuyers  from  the  other  extremity. 
The  arched  pipe©  of  hot-blast  stoves  are  liable  to  become  broken  by 
the  expansion  and  contraction  caused  by  variations  of  temperature,  unless 
they  are  allowed  a  certain  freedom  of  motion  ;  this  is  provided  for  by 
supporting  one  of  the  mains  on  rollers  in  such  a  way  as  to  admit  of  its 
moving  inwards  or  outwards,  accoixling  as  the  pipes  either  contract  or 
expand. 

Circular  Stove. — Round  stoves  are  sometimes  employed  in  place 
of  the  rectangular  stove  above  described,  and,  in  such  cases,  the  air- 
mains  are  replaced  by  an  annular  cast-iron  box,  having  a  square  or 
trapezoidal  section  ;  this  is  divided  by  a  central  partition  into  two  hollow 
rings,  one  of  which  corresponds  to  the  cold  and  the  other  to  the  hot-air 
main  of  the  ordinary  stove.  The  vertical  pipes,  instead  of  being  arched, 
are  connected  at  top  by  a  short  horizontal  connecting-piece.  Fig.  60 
represents  a  vertical  section  through  the  centre  of  a  stove  of  this  kind. 
Fig.  61  is  a  horizontal  section  through  the  air-box. 

The  cold  air  first  enters  the  outer  ring,  a,  where  it  is  interrupted  by 
a  stop,  Rf;.  6lj  and  then  reaches  the  inner  ring,  6,  by  ascending  a  number 
of  the  outer  vertical  pipes  and  descending  an  equal  number  of  those  of 
the  inside  series.  A  stop  in  the  inner  ring  causes  the  air  to  again  pass 
through  an  equal  number  of  the  vertical  tubes  into  the  outer  one,  by 
which  its  temperature  is  still  further  augmented. 

Piatol-Pipe  Stove, — Another  modification,  known  as  the  "  pistol-pipe 
stove,"  is  made  use  of  in  some  districts  in  this  country,  as  well  as  in 
France,  Germany,  and  other  pai-ts  of  the  Continent  of  Europa 
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Fig.  60.— Circular  Stove  ;  vertical  section 


Fig.  61.— Circular  Stove  ;  section  through  air^box. 
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In  this  case  the  two  vertical  pipes  or  limbs  are  replaced  by  a  single 
one  divided  longitudinally  by  a  division  reaching  nearly  to  the  top,  which 
is  closed,  enlarged,  and  bent  over  in  the  form  of  a  pistol-stock.     These 


Fig.  62.— Pistol-Pipe  Stove ;  trmnsvene  section. 


pipes  are  arranged  on  either  side  of  a  fire-place,  as  shown,  fig.  62,  and 
the  cold  air  which  enters  one  division  descends  through  the  other,  and 
after  becoming  heated  by  the  furnace,  finally  passes  o£f  to  the  tuyers. 

Stove  used  at  Netistadt — At  the  Neustadt  Iron- Works,  Hanover,  a 
form  of  stove  is  employed  of  which  fig.  63  represents  a  vertical  section. 
The  heating  coil  consists  of  four  cast-iron  pipes  united  by  semicircular 
bends,  and  three  such  series  are  so  connected  by  branch  pipes  that  the 
whole  apparatus  consists  of  twelve  tubes.  The  cold  air  enters  at  a,  and 
passing  downwards,  finally  passes  oflf  in  a  heated  state  at  b;  the  fuel 
employed  is  waste  gas  from  the  blast-furnace,  which  arrives  through 
the  large  wrought-iron  main,  c,  and  is  supplied  to  the  furnace  through 
jet-pipes,  d.  The  jets,  d,  are  provided  with  a  central  tube,  through 
which  air  is  admitted  at  e,  in  order  to  effect  the  combustion  of  the  gas. 

The  pipe,  /,  is  one  of  a  series  employed  for  superheating  steam. 
This  type  of  stove  has  been  much  used  in  North  Germany,  where  it  is 
known  as  the  Westphalian  pattern.     The  japes  generally  used  are  of  a 
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flattened  elliptical  section,  placed  with  the  longer  axes  upright ;  the  coil 
is  sometimes  10  or  12  pipes  high,  and  the  bends,  though  not  heated,  are 
enclosed  between  walls.    Another  form,  known  as  the  Lorraine  stove,  has 


Fig.  68.— Hot-Bla8t  Stove,  Neustadt ;  vertical  sectioo. 

the  bends  on  one  side  only,  the  pipes  being  closed  at  the  back  and 
divided  by  a  mid-feather,  as  in  the  pistol -pipe  stove. 

Coicper^s  Stow. — When  it  is  desired  to  heat  the  blast  above  a  visibly 
red  heat  (about  1,100**  F.),  stoves  containing  large  masses  of  fire-brick, 
which  are  worked  intermittently  on  Siemens'  regenerative  principle, 
are  substituted  for  those  with  cast-iron  pipea  This  important  improve- 
ment in  blast-furnace  practice  was  invented  by  Mr.  E.  A.  Cowper, 
whose  stove  is  represented  with  its  newest  modifications  in  figs. 
64,  65,  66.  It  consists  of  a  cylindrical  toAver  with  a  domed  top,  B, 
40  to  65  feet  high,  and  26  to  28  feet  in  diameter,  built  of  fire-brick, 
with  an  iron  casing,  I.  A  tube  or  flame-flue,  F,  placed  eccentrically 
within  the  stove,  extends  from  the  bottom  to  the  spring  of  the  dome, 
while  the  remaining  space  being  filled  with  fire-bricks  forms  the  regene- 
rator, R.     The  bricks  are  carried  upon  grids,  supported  by  girders,  P, 
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80  as  to  leave  a  clear  space  at  the  bottom,  which  is  accessible  by  the 
manholes,  M.  The  gas  from  the  furnace,  introduced  by  the  gas-yal?e,  G, 
to  the  burners,  N,  is  burnt  by  air  supplied  through  the  air-valve,  A,  form- 
ing a  body  of  flame  in  F,  which  descends  through  the  passages  of  the 


Fig.  64.~Cowi)er*8  Stove ;  vertical  teotton. 

regenerator  and  passes  out  by  the  chimney  valve,  V.  The  brickwork  of 
the  regenerator  absorbs  lieat  continuously  from  the  flame  until  it  reaches 
a  maximum  temperature  at  the  top,  when  the  pile  is  visibly  red  hot  to 
within  a  few  feet  of  the  bottom.  The  gas  is  then  shut  off",  and  cold- 
blast,  admitted  by  the  valve,  C,  is  passed  through  in  the  reverse  direc- 
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Fig.  65.— Cowper's  Stove ;  horizontal  section. 


tion,  which  becoming  heated  in  its  passage,  cools  down  the  brickwork 
in  a  corresponding  degree,  and  is  delivered  as  hot-blast  by  the  valve,  H. 
When  the  brickwork  is  cooled  below  a  red  heat  for  about  three-quarters 
of  its  height,  the  blast  is  stopped  and  gas  is  turned  on  to  re-heat  it,  and 
so  on.  Two  stoves 
at  least  are  provided 
for  each  furnace,  one 
of  which  is  on  gas 
while  the  other  is  on 
blast.  The  regene- 
rator is  filled  with 
Cowper's  honeycomb 
bricks,  fig.  66.  These 
are  hexagonal  tubular 
bricks  two  inches 
thick  with  radialspurs 
at  the  angles,  which 
when  piled  in  the 
stove,  as  in  fig.  64, 
give  u  series  of  six-sided  flues  with  walls  uniformly  two  inches  thicks 
The  top  course  is  made  with  a  sharp  edge  to  check  the  lodging  of  any  dust. 
The  ordinary  way  of  cleaning  the  stoves  from  dust  that  may  have  hung 
against  the  sides  of  tlie  passages  is  to  fill  it  with  blast  at  the  maximum 
pressure,  and  suddenly  to  blow  it  out  by  opening  the  throttle-valve,  T,  or 
by  firing  a  gun  in  the  space  below  the 
girders.  When  cold,  the  flues  may  be 
brushed  down  from  above  from  the  space 
under  the  dome,  which  is  accessible  from 
the  gallery  and  cleaning-doors  at  the  top. 
The  internal  angles  of  the  honeycomb  are 
rounded,  affording  a  passage  which  is  found 
to  be  less  liable  to  choke  from  deposit 
than  that  formed  of  the  thin  bricks  placed 
on  edge,  formerly  used.  At  the  present  time 
about  370  of  these  stoves  are  used  in  the 
different  iron -making  countries  of  the 
world;  the  maximum  temperature  of  blast 
obtained  being  from  1,500°  to  1,600°  F.^ 
The  average  saving  of  fuel  over  pipe- 
stoves  is  about  5  cwts.  per  ton  of  iron  made,  while  the  make  is  increased 
about  20  per  cent.     The  consumption  of  coke  has  been  brought  down  to 

*  The  Cowper  stoves  at  Newport  Iron-Works,  Middlesborough,  each  of  18,610  cubic 
feet  capacity,  of  wliich  8,406  cubic  feet  are  occupied  by  brickwork,  leaving  10,204  cubic 
feet  for  gns-  and  air-passages,  giving  a  heating  surface  of  42,860  square  fe€t,  furnish  blast 
at  1,414^  F.  for  a  furnace  85  by  27  feet,  making  461  tons  of  pig-iron  per  week  from  38 
per  cent,  ore,  with  a  consumption  of  21*8  cwts.  of  coke  per  ton  of  iron;  or  2J  cwts.  less 
than  when  iron-pipe  stoves,  giving  a  heat  of  990**  F.,  were  used. 


Fig.  66.— Cowper's  Stove ;  details  of 
brickwork. 
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17  cwts.  per  ton  of  haematite-pig,  19  cwts.  per  ton  of  Cleveland  pig,  and 
with  raw  coal  to  29  cwts.  per  ton  of  forge-pig,  and  31  cwts.  per  ton  of 
No.  1  pig. 

WhittcelVs  Stove. — A  modification  of  the  regenerative  stove  intro- 
duced by  the  late  Mr.  Thomas  Whitwell  in  1865  is  shown  in  its  original 
form  in  figs.  67,  68,  from  which  it  will  be  seen  that  it  is  essentially  a  repro- 
duction in  fire-brick  of  the  serpentine  pipe-stove,  with  the  coil  placed 


Fig.  67  — Whitwell'«  Store  ;  vertical  section. 


Fig.  es.— WhitwelTs  Stove ;  horitontal  section. 

vertically  instead  of  horizontally.  The  gas  admitted  at  A  is  burnt  by 
air  admitted  through  the  feed  passages,  a  ;  the  flame  passing  up  and  down 
by  the  serpentine  passages  between  the  numerous  dividing  walls,  gives 
up  its  heat  to  the  latter,  which  consist  of  7-inch  brickwork,  and  escapes 
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to  the  chimney  by  the  passage  C.  When  the  stove  is  heated,  cold-blast  is 
admitted  at  D  and  passes  out  heated  at  B.  The  progress  of  the  cooling 
is  watched  by  sight-holes,  b,  the  walls  of  the  first  two  passages  not  being 
allowed  to  go  below  a  red  heat.  The  crowns  of  the  arches  at  the  ends  / 
are  removable,  so  that  by  opening  the  covers,  6,  the  passages  are  made 
accessible  for  sweeping  down  or  scraping  the  sides.  The  dust  removed 
falls  to  the  bottom  of  the  stove,  and  is  withdrawn  through  the  side  doors,  g. 
The  dimensions  of  the  stove  shown  in  figs.  67,  68,  are  22  feet  in  diameter 
and  25  feet  high,  which  size  was  used  at  the  Consett  Iron-Works  in  1869. 
The  flame  passes  twelve  times  through  the  entire  height  of  the  stove,  the 
passages  having  a  total  length  of  240  feet  and  a  heating  surface  of  9,000 
square  feet.  Subsequently  the  height  has  been  greatly  increased  and 
the  number  of  reversals  of  the  flame  correspondingly  diminished,  so  that 
at  present  it  is  customary  to  build  them  of  a  height  equal  to  or  greater 
than  that  of  the  furnaces  to  which  they  are  attached.  The  largest  size 
adopted  is  70  feet  high  and  25  feet  in  diameter,  with  35,000  square 
feet  of  heating  surface,  the  gas  passing  only  four  times  through  the  stove. 
The  thickness  of  the  walls  is  also  reduced  to  5  inches,  and  a  large 
uumber  of  thin  walls  are  adopted,  dividing  the  interior  into  numerous 
rectangular  passages  from  5  to  6  inches  square.  A  domed  top  is  also 
now  used  instead  of  the  flat  one  shown  in  flg.  67. 

A  modification  of  the  Whitwell  stove  known  as  the  Gordon- Whitwell- 
Cowper  stove  has  lately  been  introduced  in  America,  in  which  the  number 
of  passages  for  the  flames  is  reduced  to  three,  and  the  exit  of  the  spent 
gases  is  at  the  top  under  the  dome,  so  that  each  stove  can  have  its  own 
chimney,  and  dispense  with  the  long  underground  flues  and  tall  stacks 
required  when  the  gases  pass  out  at  the  bottom  of  the  stove. 

The  Massick  and  Crooke  fire-brick  stoves,  which  have  been  introduced 
at  some  Cumberland  and  Scotch  furnaces,  have  a  central  combustion 
chamber  with  a  number  of  narrow  rectangular  passages  forming  the  heat- 
absorbing  surface  arranged  concentrically  around  it.  t  A  central  heating- 
tube  or  gas-burner  was  adopted  in  the  early  form  of  Cowper's  stoves, 
as  figured  in  the  last  edition  of  this  work,  but  it  was  subsequently  aban- 
doned for  an  eccentric  position,  on  account  of  the  difficulty  of  equally 
distributing  the  gas  through  the  whole  of  the  regenerative  passages. 

Blast-Pipes  aiid  Nozzles. — The  blast  issuing  from  the  stoves  is  carried 
round  the  furnace  in  a  circular  main,  which,  in  the  older  ones,  enclosed 
in  a  square  casing  of  masonry,  passes  through  the  arched  openings 
traversing  the  pillars  supporting  the  stack,  but  in  the  newer  form  of 
furnaces  is,  at  a  certain  height  above  the  ground,  secured  to  the  columns 
enclosing  the  hearth.  When  the  blast  is  at  or  above  a  red  heat,  the  main 
is  internally  lined  with  firebrick.  Opposite  each  tuyer  a  branch-pipe  is 
brought  down  to  the  proper  level ;  these  are  turned  at  right  angles,  and 
connected  with  the  blast-nozzles.  A  throttle-  or  slide-valve  is  attached 
to  each  branch  for  the  purpose  of  regulating  or  cutting  off  the  blast, 
while  a  similar  valve  of  larger  dimensions  is  fitted  to  the  main  between 
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the  stove  aud  furnace.  A  self-acting  stop-valve  is  often  used  iu  the 
tuyer-pipe.  This  consists  of  a  heavy  flap-valve  which  opens  outwanU 
by  the  pressure  of  the  blast,  but  falls  back  against  its  seat  when  the 
blast  is  stopped,  and  so  prevents  the  penetration  of  furnace  gas  into  the 
blast-main. 

When  cold-blast  is  employed,  a  conical  nozzle  is  attached  to  the 
blast-pipe  by  a  short  leather  tube,  but  when  hot-blast  is  made  use  of,  it 
is  necessary  that  all  the  fittings  should  be  of  metal,  and  means  are  con- 
sequently provided  for  adjusting  the  nozzles  by  the  aid  of  ball-and-socket 
joints  and  telescope  tubes.  Water-tuycrs  are  made  either  of  wrought  or 
cast-iron,  of  a  combination  of  both,  or  of  copper  or  bronze ;  the  latter 
are  said  to  possess  the  advantage  of  not  being  readily  destroyed  by 
"  ironing ; "  that  is,  of  being  attacked  by  the  imperfectly  fused  masses 
of  iron  which  sometimes  adliere  to  them  when  the  furnace  is  not  in  good 
working  order. 

The  number  of  tuyers  and  the  method  of  their  arrangement  vary  in 
accordance  with  the  size  of  the  furnace  and  the  nature  of  the  fuel 
employed.  Small  charcoal  furnaces  have  frequently  only  two  tuyers 
placed  on  opposite  sides  of  the  hearth  ;  tliree  is,  however,  a  more  usual 
number,  one  being  placed  opposite  the  tymp,  and  the  two  others  on 
opposite  sides  of  the  hearth.  In  the  case  of  very  large  furnaces,  the 
tuyers  are  sometimes  arranged  in  series,  two  being  placed  on  either  side 
of  the  hearth,  and  the  same  number  at  the  back,  or  three  at  the  sides  and 
either  one  or  two  at  the  ^back.  Sometimes  a  special  tuyer  is  added  on 
the  tymp  side  for  the  purpose  of  removing  any  obstruction  caused  hy 
local  cooling,  and  is  only  used  in  case  of  the  hearth  becoming  obstructed 
by  accumulations  of  imperfectly  fused  matter. 

Utilization  op  Waste  Gabes. — Shortly  after  the  application  of  hot- 
blast  to  iron-making,  various  attempts  were  made  to  employ  the  waste 
heat  escaping  from  the  throat  of  the  furnace  for  the  purpose  of  heating 
the  air  with  which  it  is  supplied. 

One  of  the  methods  formerly  employed  for  attaining  this  object  con- 
sisted in  ranging  a  series  of  iron  pipes  round  the  tunnel-head,  in  which 
the  blast  was  heated  by  the  flame  passing  out  of  the  mouth  of  the 
furnace.  In  other  instances  the  pipes  were  either  coiled  around  the 
interior  of  the  upper  part  of  the  stack,  so  as  to  be  heated  by  direct 
contact  with  the  ignited  material  which  it  contained,  or  were  so  en- 
closed in  brickwork  as  to  become  heated  by  transmission.  All  these 
contrivances  have,  however,  been  successively  abandoned,  since  from  their 
inefiiciency  and  the  difficulty  attending  their  repair  when  they  got  out 
of  order,  their  use  was  not  found  advantageous. 

An  improvement  on  this  plan  was  invented  by  Mr.  James  Palmer 
Budd,  of  the  Ystalyf  era  Iron- Works  in  South  Wales.  Instead  of  making 
the  heating  apparatus  an  integral  part  of  the  furnace,  the  stoves  were  in 
this  case  so  arranged  as  to  allow  of  their  being  repaired  without  inter- 
fering with  the  action  of  the  furnaces  with  which  they  were  connected. 
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The  stoves  were  built  a  little  below  the  level  of  the  throat  of  the  furnace 
which  the  J  supplied  with  hot  air,  and  a  chimney,  25  feet  higher  than 
the  top  of  the  platform,  afforded  the  means  of  drawing  into  them 
as  much  of  the  heated  gases  and  flame  as  might  be  required.  These 
were  carried  from  the  furnace  by  a  series  of  flues  about  three  feet 
below  the  top,  communicating  with  the  hot-air  chamber  in  which 
were  placed  arched  pipes  heated  by  the  gases  issuing  from  the  furnace. 
The  chimney  and  its  damper  regulated  the  heat  of  the  stove ;  cross- 
pipes  connected  the  upright -pipes,  and  side -pipes  conveyed  the  air 
arriving  by  mains  to  various  cross- pipes.  The  heated  air  was  after- 
wards conveyed  to  the  tuyers  by  downcast-pipes.  A  door  was  placed  in 
the  brickwork  of  the  building  for  the  purpose  of  cooling  the  apparatus 
before  entering  to  make  repairs. 

All  these  contrivances  have,  however,  given  place  to  various  systems 
for  conveying  the  combustible  waste  gases  in  pipes  or  culverts  to  the 
points  where  they  are  required  to  be  burnt  as  fuel.  In  addition  to  the 
sensible  heat  which  the  gases  are  capable  of  directly  communicating  to 
any  body  with  which  they  may  be  brought  in  contact,  the  whole  of  the 
gaseous  column  issuing  from  the  throat  of  a  blast-furnace  is  inflammable, 
even  after  its  temperature  has  been  reduced  to  that  of  the  surrounding 
atmosphere.  The  combustion  of  these  gases,  therefore,  affords  a  new  and 
entirely  distinct  source  of  heat.  Various  patents  have  at  different  times 
been  taken  out  for  methods  by  which  the  heat  thus  lost  has  been 
sought  to  be  usefully  applied,  but  the  difficulties  attending  the  combus- 
tion of  waste  gases,  added  to  the  comparative  cheapness  of  fuel,  for  a  long 
time  prevented  their  being  extensively  used  in  this  country.  On  the 
Continent  of  Europe,  where  fuel  is  more  expensive,  the  utilization  of 
waste  gases  was  much  earlier  introduced,  but  at  the  present  time 
their  employment  has  become  almost  universal  in  all  iron-producing 
districts. 

In  many  small  charcoal  furnaces,  in  which  the  throat  remains  open, 
the  gases  are  taken  off  by  iron  pipes  which  perforate  the  brickwork 
from  10  to  12  feet  below  the  top.  In  Sweden  this  plan  is  generally 
adopted,  but  it  can  be  applied  on  only  a  limited  scale,  and  the  supply  is 
Uable  to  be  somewhat  irregular  from  the  occasional  partial  stoppage  of 
the  openings  by  the  descending  chargca 

Another  method  for  collecting  the  gases  is  by  partially  closing  the 
mouth  of  the  furnace,  so  as  to  cause  a  slight  impediment  to  the  escape  of 
its  gaseous  products,  and  then  drawing  them  off  by  proper  flues  and 
tubes  to  where  it  is  intended  they  shall  be  consumed. 

In  order  to  do  this,  a  cylinder  of  cast-iron,  of  a  smaller  diameter  than 
the  throat  of  the  furnace,  and  having  a  depth  equal  to  its  width,  is 
sometimes  used.  This  is  suspended  by  a  strong  flange  within  the  tunnel- 
head,  and  as  the  mouth  of  the  furnace  is  constantly  kept  charged  with 
mineral  and  fuel,  while  a  clear  annular  space  remains  between  the  iron 
collar  and  the  lining,  it  is  evident  that  this  must  be  filled  with  gases 
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issuing  from  the  apparatus,  which  may  be  readily  conducted  by  fiues 
or  pipes  to  any  situation  where  they  may  be  required  for  combustion. 
In  furnaces  built  especially  with  a  view  to  economizing  the  heat  to  be 
obtained  by  burning  the  unconsumed  gases,  the  internal  iron  lining  is 
sometimes  replaced  by  an  annular  flue  made  in  the  brickwork  a  few  feet 
below  the  throat.  This  is  connected  by  several  openings  with  the  interior 
of  the  stack,  and  as  the  charges  thrown  into  the  furnace  above  this  point 
naturally  offer  a  certain  resistance  to  the  exit  of  the  escaping  gases,  they 
find  their  way  into  the  annular  flue  before  described,  whence  they  are 
readily  drawn  off  in  any  direction  in  which  they  are  required,  and  may 
be  conducted  to  a  distance  of  several  hundred  feet. 

Method  of  Collecting  Gases  at  Darlaston, — Fig.  69  is  a  vertical  sec- 
tion of  the  top  of  a  furnace  at  Darlaston,  where  this  system  of  collecting 
waste  gases  was  introduced  by  Mr.  G.  Addenbroke.     There  are  fifteen 


Fig.  69.— Top  of  Furnace,  Darlaston  ;  vertical  section. 

gas-openings,  a,  around  the  neck  of  the  furnace,  each  23i  inches  wide  and 
11 J  inches  high,  and  consequently  presenting  an  aperture  of  270  square 
inches,  making  a  total  area  of  4,050  square  inches  for  drawing  off  the 
gases.  The  large  gas-flue,  &,  surrounding  the  neck  of  the  furnace  is 
lined  with  fire-brick,  and  is  4  feet  3  inches  high  to  the  crown  of  the  arch, 
having  a  mean  width  of  3  feet.  The  outside  of  the  furnace  from  a  little 
below  the  bottom  of  the  flue  upwards  is  cased  with  wrought-iron  plates, 
to  which  is  fastened  a  light  iron  gallery,  c,  for  the  convenience  of  clean- 
ing the  flue,  h.  A  series  of  openings,  c,  is  made  all  round  the  outer  side 
of  the  flue,  and  these  are  closed  by  pieces  of  boiler-plate  luted  with  fire- 
clay, and  held  in  their  places  by  cross-bars  and  wedges  ;  by  means  of 
these  the  whole  of  the  flue  may  be  cleaned  out  in  the  course  of  a  few 
minutes,  at  any  time  when  the  blast  is  off  the  furnace.  The  bottom  of 
the  flue  is  at  a  lower  level  than  the  edge  of  the  openings,  a,  in  order 
that  the  dust  carried  over  may  accumulate  for  some  time  before  in- 
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terfering  with  the  exit  of  the  gases.  The  gas-mains  are  5  feet  in  diameter, 
and,  in  case  of  the  top  of  the  materials  sinking  below  the  gas-openings, 
any  damage  is  prevented  by  shutting  the  valve,  dy  when  the  whole  of  the 
gas  will  bum  at  the  mouth  of  the  furnace,  without  injury  resulting  to  the 
apparatus. 

Langen^s  Apparatus, — When  it  is  desired  to  utilize  all  the  gases  issuing 
from  a  furnace  it  becomes  necessary  to  close  the  throat  At  Siegburg, 
on  the  Rhine,  Langen's  apparatus  for  the  collection  of  waste  gases  is  em- 
ployed ;  the  furnace  mouth  being  closed  by  a  lid,  in  the  form  of  a  bell- 
shaped  tube,  resting  in  an  inverted  conical  ring.  This  tube  may  be 
raised  and  lowered  by  means  of  a  lever,  for  the  purpose  of  charging,  and 
is  at  its  extremity  provided  with  a  lip,  which  dips  into  a  water-trough  in 
the  gas-main,  forming  a  perfectly  air-tight  joint.  At  the  time  of  charg- 
ing, the  bell  is  lifted,  and,  sliding  in  the  water-joint  on  the  gas-tube, 
allows  the  charge  in  the  cup-shaped  ring  to  fall  into  the  furnace.  To  pre- 
vent any  accident  from  explosion,  a  safety-valve  is  placed  on  the  top  of 
the  conical  tube,  and  another  on  the  gas-tube. 

At  Horde,  Langen's  apparatus  has  been  modified  as  follows : — The 
mouth  of  the  furnace,  9  feet  in  diameter,  is  closed  by  a  flat  lid  of  cast- 
iion,  which,  although  it  cannot  be  raised,  may  be  readily  turned  on  rollers, 
and  is  kept  air-tight  by  a  water-joint ;  a  gas- pipe,  3  feet  in  diameter, 
is  placed  on  this  lid  and  is  kept  tight  in  the  same  way.  This  cover 
IB  provided,  on  its  circumference,  with  four  apertures  closed  by  valves 
kept  tight  by  water,  through  which,  in  quick  succession,  the  charging  of 
the  furnace  is  efifected.  Before  re-charging,  the  movable  lid  is  made  to 
traverse  one-eighth  of  a  revolution,  thus  uniformly  distributing  the 
materials  round  the  circumference  of  the  furnace. 

Cup  and  Cone. — The  simplest  method  of  closing  the  throat  of  the 
furnace,  and  that  which  is  most  generally  used,  is  the  **  cup  and  cone  "  or 
"bell  and  hopper,"  fig.  70,  first  applied  by  Mr.  Parry  at  the  Ebbw  Vale 
Iron- Works.  It  consists  of  an  inverted  cast-iron  cone,  a,  fixed  to  the 
top  of  the  furnace,  of  which  the  lower  aperture  is  about  one-half  the 
diameter  of  the  throat.  A  cast-iron  cone,  6,  is  placed  in  the  furnace 
below  this  cup  or  funnel,  and  suspended  by  a  chain,  c,  to  an  arch-headed 
lever,  d,  carrying  a  counter-balance  at  the  opposite  end.  The  raising  or 
lowering  of  this  cone  is  often  effected  by  a  pinion  on  the  shaft  of  a 
hand-wheel,  e,  gearing  into  a  segmental  rack  attached  to  the  lever.  When 
the  cone  is  raised,  it  bears  against  the  bottom  of  the  cup,  and  forms  a 
stopper,  which  prevents  the  escape  of  gas  from  the  top  of  the  furnace. 
Thus  prevented  from  escaping  by  the  throat,  the  gaseous  fuel  is  conducted 
through  an  orifice  made  in  the  wall  of  the  furnace,  above  the  level  of 
the  charges,  and  is  conveyed,  by  iron  pipes,  to  any  part  of  the  works 
where  its  combustion  is  to  be  effected. 

In  V.  Hoffs  modification  of  the  cup  and  cone,  which  is  largely 
used  in  Germany,  the  cone  is  surmounted  by  a  cylinder  which  slides 
telescopically  upon  a  fixed  central  tube  like  that  of  fig.  71,  the  union 
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being  made  gas-tight  by  a  water-joint.     This  combines  the  advantages  of 
the  central  gas  discharge  and  of  tlie  distributing  cone. 

Method  Employed  at  Grofmwnt. — At  Grosmont,  Yorkshire,  and  Barrow- 
in-Furness,  Lancashire,  the  waste  gas  is  taken  off  in  a  wrought-irou 
tube,  a,  fig.  71,  about  5  feet  in  diameter,  which  extends  5  feet  down 
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Fig.  70.— Cup  and  Cone ;  vertical  section. 

the  throat  of  the  furnace,  and  is  lined  on  the  inside  and  cased  outside 
with  refractory  brick.  This  tube  is  supported  by  a  brickwork  dome,  6, 
built  in  the  throat  of  the  furnace,  supported  by  buttresses  of  the 
same  material.  This  dome  has  six  openings,  c,  at  the  sides,  for  charging 
purposes,  and  another  in  the  centre,  corresponding  with  the  tube,  a. 


Fig.  71.  —Top  of  Furnace,  Grosmont ;  vertical  section. 

The  furnace  is  provided  with  the  usual  brick  chimney  at  top,  which  has 
wrought-iron  swing  doors  corresponding  with  the  openings  in  the  crown. 
Expansion-boxes  are  fixed  at  intervals  along  the  tube  by  which  the  gas 
is  conducted  to  the  boilers  and  hot-blast  stoves,  and  a  flap-valve,  df,  open- 
ing outwards,  is  placed  at  the  end  of  the  tube  for  the  purpose  of  clearing 
it^  and,  if  necessary,  to  act  as  a  safety-valve.     This  form  of  gas-coUecting 


IRON. 


239 


by  a  centralsyphon  tube  was  introduced  by  Mr.  Darby,  and  is  still  used  to 
some  extent ;  but  the  supporting  arches  in  the  furnace  are  replaced  by  a 
girder-framing  above  the  furnace  top,  from  which  the  tube  is  suspended. 

In  some  of  the  charcoal  furnaces  of  America  the  charging  is  effected 
by  barrows,  which  are  constructed  exactly  on  the  principle  of  the  cup 
and  cone;  and  at  Rhonitz,  in  Hungary,  cylindrical  charging  barrows 
are  employed,  by  which  a  portion  of  the  material  is  dropped  in  the 
centre  of  the  furnace  whilst  the  remainder  is  distributed  in  a  circle  next 
the  brickwork. 

Composition  op  Waste  Gabbs. — The  composition  of  the  gases  of  the 
hlast-fumace  at  various  heights  has  at  different  times  been  investigated 
by  Bunsen,  Playfair,  Ebelmen,  Scheerer,  Tunner,  and  others.  The 
results  arrived  at  by  these  chemists  have,  after  making  due  allowance  for 
the  different  characteristics  of  the  fuels  employed,  generally  agreed  very 
closely,  and  have  afforded  much  valuable  information  relative  to  the 
chemical  reactions  which  successively  take  place.  The  gases  issuing  from 
the  throat  of  a  furnace  practically  contain  the  whole  of  the  carbon  of  the 
fuel  consumed,  with  the  exception  of  the  comparatively  small  amount 
which  has  become  fixed  by  the  carburization  of  the  metaL^  This  escaping 
carbon  is  chiefly  in  the  form  of  carbonic  anhydride  and  carbonic  oxide 
gases,  the  oxygen  of  which  has  been  principally  derived  from  the  air  of 
the  blast,  but  is  to  a  less  extent  due  to  the  reduction  of  oxide  of  iron. 
Tlie  whole  of  the  nitrogen  of  the  air  blown  in  will  also  be  present, 
together  with  small  quantities  of  hydrogen  and  of-  hydrocarbons,  which 
are  to  a  great  extent  produced  by  the  decomposition  of  watery  vapour. 

The  following  analyses  give  the  composition  of  the  gases  issuing  from 
various  blast-furnaces : — 


Percentage  by  Vulame. 
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1.  Veckerhagen,  Hesse  Cassel ;  Bunsen ;  fuel,  charcoal. 

2.  Clerval,  France ;  Ebelmen  ;  charge  of  brown  hematite,  limestone, 
and  charcoal 

3.  Audincourt,  France ;  Ebelmen ;  charged  with  brown  haematite, 
forge-cinder,  limestone,  wood,  and  charcoal. 

4.  Seraing,  Belgium ;  Ebelmen ;  charge,  brown  haematite,  mill-cinder, 
limestone,  and  coke. 

5.  Alfreton-,  Derbyshire ;  Bunsen  and  Playfair ;  charge  composed  of 
CfJcined  argillaceous  ores,  limestone,  and  raw  coal. 

^  A  eertain  amount  of  potaasinm  cyanide  it  also  produced  in  blast-furnaces. 
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6.  Ormesbj ;  smelting  Cleveland  ore  with  coke ;  temperature  of  blast 
1,507  ®F. ;  furnace  35,013  cubic  feet  capacity. 

7.  Average  range  of  gases  from  Scotch  blast-f amaces  fed  with  splint- 
coal. 

It  will  be  observed  that  the  nitrogen  of  the  blast,  which  has  pSased 
through  the  furnace  without  taking  any  important  part,  in  the  ; re- 
actions which  are  continually  going  on,  in  each  case-  constitutes  more 
than  one-half  the  entire  volume  of  the  gases  evolved.  •  The  proportion 
of  the  nitrogen  as  compared  with  that  of  oxygen  is,  however,  less  than 
in  atmospheric  air,  and  as  no  appreciable  absorption  of  this  gas  takes 
place  in  the  furnace,  it  follows  that  the  increase  of  from  12  to  18 
per  cent  in  the  amount  of  oxygen  must  be  derived  from  the  solid 
materials  of  the  charge.  This  increase  in  the  amount  of  oxygen  is 
chiefly  the  result  of  the  reduction  of  oxide  of  iron,  and  of  the  elimina- 
tion of  GO,  from  the  limestone  employed  as  flux.  In  certain  cases,  and 
particularly  in  that  of  hot-blast  furnaces  working  on  siliceous  ores,  a 
further  but  very  small  addition  to  the  quantity  of  oxygen  may  be  derived 
from  the  reduction  of  silica. 

When  furnaces  are  worked  with  raw  coal,  the  gases  evolved  from 
them  contain,  in  addition  to  the  products  of  combustion,  small  quantities 
of  various  condensable  vapours,  especially  tarry  matter  and  ammonia. 
The  recovery  of  these  substances  has  latterly  been  commenced  upon 
the  large  scale  in  the  West  of  Scotland.  At  Gartsherrie  the  gases  of 
eight  furnaces,  50  x  15  feet,  each  consuming  from  60  to  65  tons  of  coal 
in  twenty-four  hours,  are  led  from  the  furnace  top  through  a  dust-catcher 
into  an  atmospheric  condenser,  like  that  of  a  gas-works,  having  200  tubes 
2 1  feet  in  diameter  and  40  feet  high ;  this  is  followed  by  a  water-<:on- 
denser  with  2,700  3-inch  tubes  45  feet  high,  a  first  scrubber  80  x  25  feet, 
and  a  second  scrubber  60  x  20  feet.  The  current  through  the  different 
condensers  is  maintained  by  three  sets  of  Boot's  blowers  6  feet  in 
diameter,  making  100  revolutions  per  minute.  The  products  condensed 
are  about  40  gallons  of  crude  or  16  of  boiled  tar,  and  22  to  23  lbs.  of 
sulphate  of  ammonium  per  ton  of  coal  consumed.  The  actual  amount 
of  ammonia  contained  in  the  gases  is  from  5  to  7^  lbs.  per  ton  of 
coal,  and  is  diffused  through  a  volume  of  125,000  cubic  feet  of  gas. 
The  amount  of  ammonia  escaping  the  final  condenser  is  estimated 
not  to  exceed  2  to  3  oz.  of  ammonium  sulphate  per  ton  of  coal.  The 
gases,  when  deprived  of  their  condensable  products,  are  distributed 
to  the  heating-stoves  and  boilers,  and  burnt  in  the  ordinary  way. 
The  above  is  known  as  the  Gartsherrie  or  Alexander  &  M 'Cosh's 
process. 

Dempster's  process,  another  variety  of  the  atmospheric  method  of 
condensing,  has  been  established  at  Stoke-upon-Trent. 

In  Neilson's  process  the  ammonia  of  the  gases,  after  a  preliminary 
cooling,  is  absorbed  by  subjecting  it  to  a  shower  of  dilute  sulphuric  acid 
in  a  lead-lined  scrubber. 
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In  A(idie*s  process,  used  at  Langloan,  snlphurouB  acid  gas  is  passed 
into  the  fnmace  gases  in  sufficient  quantity  to  combine  with  the  ammonia, 
which  is  collected  as  a  mixture  of  hyposulphite,  bisulphite,  and  sulphate 
of  ammoniunL  This,  when  concentrated,  is  decomposed  with  lime,  in 
order  to  recover  the  ammonia,  which  is  then  saturated  with  sulphuric 
acid  to  form  sulphate.  The  sulphurous  acid  used  is  obtained  by  burning 
nodular  pyrites  (brasses)  with  some  pyritic  ironstone  in  a  peculiar  burner, 
which  works  with  a  minimum  admission  of  free  air.  It  is  estimated  that 
about  5,500  tons  of  sulphate  of  ammonium  will  be  obtained  from  the 
existing  plant  of  the  Scotch  blast-furnaces  in  the  year  1886. 

The  gases  of  blast-furnaces  carry  over  with  them  notable  quantities 
of  solid  matter  in  the  form  of  dust,  which,  accumulating  in  the  flues  and 
gas-mains,  requires  to  be  occasionally  removed.  This  principally  consists 
of  silica,  alumina,  ferric  oxide,  lime,  and  sulphate  of  calcium. 

The  use  of  dust-catchers  is  beneficial,  as  the  heating  power  of  the  gases 
is  sensibly  improved  by  depriving  them  of  suspended  solid  matter.  When 
the  ores  contain  zinc,  the  oxide  of  that  metal  accumulates  in  the  throat- 
flues  and  under  the  bell,  and  must  be  cleared  out  from  time  to  time.  It 
also  forms  considerable  deposits  in  the  stoves  and  boilers.  Zinc  oxide 
is  especially  objectionable  when  fire-brick  stoves  are  used. 

Lifts  or  Hoists. — When  blast-furnaces  are  situated  in  the  deep 
valleys  of  a  mountainous  country,  it  not  unfrequently  happens  that  all 
the  materials  necessary  for  working  them  may  be  delivered  by  means  of 
a  bridge  at  the  top  without  the  aid  of  machinery.  When,  however,  the 
country  is  flat,  it  becomes  necessary  to  have  recourse  to  mechanical  lifts 
for  raising  the  charges. 

In  the  older  iron-works,  when  erected  on  level  ground;  inclined  planes 
are  often  employed  for  this  purpose,  and  are  usually  made  with  a  double 
line  of  railway  carried  on  trestle-wiork,  or  with  a  single  line  and  crossings 
for  the  return  truck&  The  inclinition  given  to  these  does  not  generally 
exceed  25"  or  dO"",  and  the  motive  power  employed  is  usually  a  steam- 
engine,  giving  motion  to  a  winding-drum.  The  truck  in  most  cases  con- 
sists of  a  triangular  framework  with  two  pairs  of  wheels,  of  unequal 
diameters,  supporting  a  platform  on  which  are  placed  the  iron  wheel- 
barrows used  in  charging.  Chains  or  wire-ropes  are  used  for  raising  the 
load.  Where  large  quantities  of  material  have  to  be  elevated  to  a  con- 
siderable height,  it  is  now  more  usual  to  employ  a  perpendicular  lift,  by 
which  the  charges  arc  raised  by  means  of  cages  moving  between  vertical 
guidas. 

Lift  ai  Newport, — The  mode  of  arrangement  and  the  nature  of  the 
power  employed  vary  in  different  establishments,  but  the  woodcut,  fig.  72, 
page  242,  copied  irom  a  paper  read  by  Sir  B.  Samuelson  before  the 
Institution  of  Civil  Engineers,  represents  an  elevation  of  the  furnace- 
hoist  used  at  the  Newport  Iron- Works,  near  Middlesborough. 

The  entire  lift  to  the  charging  platform  of  the  furnaces  is  92  feet, 
and  the  motive  power,  instead  of  being  below,  as  is.  frequently  the  case, 
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Fig.  7S.~PurnAee*Hoitt»  Newport;  oloTAtloii. 
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is  placed  overhead,  and  consists  of  a  double-cylinder  engine,  a,  provided 
with  link  motions.  The  diameter  of  the  cylinders  is  8  inches,  and  the 
length  of  stroke  12  inches.  On  the  crank-shaft  are  two  pinions  working 
into  wheels  on  an  intermediate  shaft.  On  the  middle  of  the  latter  ie 
keyed  a  larger  pinion,  gearing  into  the  main  spur  wheel,  6  (represented 
by  a  dotted  line),  12  feet  in  diameter,  which  is  flanked  on  either  side 
by  a  deeply  grooved  pulley  carrying  a  steel  rope,  1^  inch  in  diameter. 
These  ropes  fit  the  grooves  with  a  considerable  degree  of  exactitude,  and 
only  pass  half  round  their  respective  pulleys,  the  ends  being  attached,  in 
pairs,  to  the  two  cages,  c.  By  this  arrangement^  while  one  of  the  cages 
is  ascending,  the  other  is  going  down,  the  work  being  accomplished  by 
the  friction  of  the  ropes  in  their  respective  grooves. 

In  order  to  secure  equal  tension  on  both  ropes,  their  attachment  to 
the  cage  is  effected  by  a  double  lever,  which  immediately  yields  to 
any  unequal  stretching  of  the  ropes.  The  cages  are  steadied  in  their 
upward  and  downward  course  by  guides  fastened  to  the  columns  which 
support  the  platform.  The  weight  raised  at  each  journey  is  about  two 
tons,  although  a  much  heavier  load  can  be  lifted  without  any  slipping  of 
the  ropes. 

It  will  be  observed  that  the  moment  the  descending  cage  touches  the 
ground  the  strain  on  the  ropes  is  relieved,  so  that  they  will  no  longer 
hold  sufficiently  in  the  grooves  to  enable  the  ascending  ca.!:;e  to  be 
raised  any  higher;  this  slipping  of  the  ropes  renders  over-winding 
impossible.  The  great  length  of  steam-pipe  required  for  working  the 
engines  at  this  elevation  is  not  found,  practically,  to  be  objectionable. 
The  engines  usually  make  about  150  strokes  per  minute,  and,  calcu- 
lating for  loading  and  unloading  the  cages,  they  are  capable  of  making 
one  lift  per  minute,  or  of  raising  120  tons  of  material  per  hour. 

Water-Balance, — ^The  old  water-balance  lift  consists  of  two  cages 
moving  vertically,  and  guided  in  the  usual  way,  united  by  a  rope  or  chain 
passing  over  a  pulley.  Below  the  floor  of  each  cage  is  a  water-tight  box, 
provided  at  bottom  with  a  discharge- valve.  When  the  cage  with  the 
empty  box  is  at  the  top  of  its  course,  water  is  run  into  it  until  its  weight 
becomes  sufficient  to  overbalance  the  other  cage  with  its  load,  the  speed 
of  its  descent  being  regulated  by  a  brake  on  the  pulley  around  which  the 
lope  or  chain  passes.  As  soon  as  the  descending  cage  reaches  the  ground, 
a  projecting  spindle,  in  the  discharge-valve  is  forced  upwards  and  allows 
the  water  to  escape,  leaving  the  cage  ready  for  another  ascent  as  soon  as 
it  is  loaded.  The  principle  objection  to  this  arrangement  is  the  difficulty 
of  preventing  leakage  from  the  tanks,  by  which  the  lift-house  is  constantly 
kept  in  an  untidy  state. 

Lifts  are  also  sometimes  constructed  upon  the  system  of  Sir  W.  Arm- 
strong, where  the  cage  is  lifted  by  the  action  of  a  hydraulic  ram,  of  which 
the  course  is  multiplied  by  a  chain  passing  over  a  system  of  compound 
pulleys.  Pneumatic  lifts  are  extremely  convenient,  and  are  much  used 
in  the  iron-works  of  this  country. 
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Fumace^Hoistj  Ayresome. — Figs.  73  and  74  represent  a  furnace-hoist 
on  the  pneumatic  principle  erected  by  Mr.  Gjers  at  the  Ayresome  Iron- 
Works,  Middlesborough,  which  consists  of  a  36-inch  cylinder,  a,  the 
whole  height  of  the  furnace,  made  up  of  flanged  cast-iron  tubes,  lipped, 


Pig.  73.— Fumaco- Hoist,  Ayresome  Iron- Works ;  eleviition. 

bolted  together,  and  accurately  bored  throughout.  In  this  cylinder 
works  a  heavy  piston,  lightly  packed  with  a  cotton  jacket,  which  also 
forms  a  balance-weight,  and  is  sufficiently  heavy  to  balance  the  table, 
with  four  empty  barrows,  and  a  portion  of  the  load.  From  this  piston 
four  wire  ropes   pass  over  four   pulleys,   b,  overhead,  down  to  each 
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comer  df  the  table,  vrhich  is  15  feet  square,  surrounds  the  cylinder,'  and 
is  guided  by  four  shoes  on  the  table,  working  in  wooden  guides  on  the 
cylinder.  This  leaves .  plenty  of  room  for  four  barrows  being  placed 
round  the  cylinder,  the  table  having  a  palisading  around  -with  openings 
on  two  opposite  sides,  so  that  the  barrows  are  run  on  at  one  side  at  the 
bottom,  and  run  off  on  the  opposite  side  at  the  top.  The  bottom  of 
the  cylinder  is  connected  with  a  pair  of  single-acting  air-pumps  worked 
by  a  pair  of  steam-cylinders  at  -an  angle  of  45"*.  Between  the  pumj  s 
and  cylinder  is  a  reversing-slide,  so  arranged  that,  by  moving  it  in  one 
direction,  the  delivery  of  air  is  put  in  connection  with  the  cylinder,  and 
the  exhaust  with  the  atmosphere ;  by  moving  it  the  reverse  way,  the 
exhaust  is  in  connection  with  the  cylinder  and  the  delivery  with  the 
atmosphere.  The  table  and  empty  barrows  being  at  the  top,  the  2)iston 
will  be  at  the  bottom;  the  engine  being  started,  air  is  forced  into  the 


Fig.  74.— Fumace-Hoiflt,  Ayresome  Iron- Works ;  plan. 

cylinder  under  the  piston,  and  about  2  lbs.  pressure  will  lift  the  piston 
and  bring  the  table  down.  When  the  engine  is  stopped,  the  full  barrow 
having  been  put  on  the  table,  the  slide  is  reversed ;  the  pi§ton  being  now 
at  the  top  and  the  engine  started,  air  is  removed  from  under  the  piston 
and  a  partial  vacuum  produced ;  the  atmospheric  pressure  acting  on  the 
top  of  the  piston  now  brings  it  down  and  the  table  up,  till,  arriving  at 
the  top,  the  engine  is  again  stopped.  Heavy  ironstone  barrows,  carrying 
about  50  cwts.  of  stone,  leaving  about  40  cwts.  unbalanced,  require  a 
vacuum  of  about  4  ll^s.  to  bring  the  piston  down ;  whereas  coke  weighing 
only  20  cwte.,  with  about  10  cwts.  unbalanced,  is  brought  up  with  a 
vacuum  of  about  1  lb.  The  engine  is  worked,  stopped,  and  started  like 
a  winding-engine,  the  speed  at  which  the  table  is  brought  up  or  dowii 
depending  upon  the  speed  at  which  the  engine  is  run. 

The  cylinder  being  open  at  the  top,  the  rope,  shackles,  and  piston- 
packing  are  always  accessible.  The  air-pumps  are  simply  a  pair  of  small 
sbgle-acting  blowing-engines,  exhausting  air  by  one  pipe  and  delivering 
it  by  another,  the  suction-flaps  being  on  one  side  and  the  delivery-flaps 
on  the  other. 
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It  will  be  noticed  that  the  table  being  connected  with  the  piston  bj 
four  ropes,  no  serious  accident  could  happen  unless  all  were  to  break  at 
the  same  time.  No  run-awaj  is  likely  to  take  place,  as  the  piston  can 
neither  go  up  nor  down  faster  than  air  is  introduced  or  removed  from 
below  it.  The  pull  on  the  ropes  being  through  the  elastic  medium  of 
the  air,  much  less  strain  is  thrown  upon  them  than  is  the  case  with  direct 
winding. 

Kiln-Hoist^  At/resome, — Figs.  75  and  76  are  front  and  side  eleva- 
tions of  a  hoist  employed  at  the  same  works  for  lifting  large  railway 
trucks  upon  the  depots  and  kilns ;  this  is  also  a  pneumatic  lift,  working 
exactly  on  the  same  principle  as  that  just  described,  but  is  arranged  with 
two  cylinders,  a,  each  of  48  inches  diameter,  with  the  table  between  them. 
From  each  piston  wire  ropes,  b,  pass  over  pulleys  overhead,  lap  once 
round,  and  down  to  the  table  corners.  The  opposite  pulleys  are  keyed 
on  shafts,  c,  as  shown,  so  as  to  maintain  parallelism.  There  is  also  a 
safety  chain,  d,  on  each  side,  which  ordinarily  does  not  take  any  weight, 
but  comes  into  play  in  case  of  the  breakage  of  a  rope.  The  weight  to  be 
lifted  is  from  15  to  16  tons,  and  it  requires  a  vacuum  of  about  6  lbs.  to 
bring  the  pistons  down  and  the  table  up,  the  balance  being  such  that  it 
requires  a  pressure  of  4  lbs.  to  bring  the  empty  table  down.  The  engine 
to  work  this  lift  is  precisely  similar  to  that  for  the  furnace-lift,  but  is 
worked  at  a  much  slower  speed.  The  height  to  which  the  trucks  are 
lifted  is  35  feet,  and  with  four  furnaces  it  will  be  required  to  lift  at  least 
6,000  tons  per  week,  including  the  weight  of  the  trucks. 

An  empty-waggon  drop  is  also  employed  at  the  Ayresome  Works, 
which  acts  on  the  pneumatic  principle,  and  is  constructed  similarly  to 
the  lift,  with  this  difference,  that  the  cylinders  are  only  36  inches  in 
diameter,  and  the  ropes,  table,  &c.,  lighter.  Instead  of  the  lift-pistons 
having  a  space  beneath  them,  and  being  connected  with  an  engine,  a 
bottom  is  put  into  each  cylinder  on  which  the  pistons  come  down.  Close 
above  this  bottom,  on  each  cylinder  are  valves,  one  set  communicating 
with  the  atmosphere,  and  the  other  through  a  pipe  with  the  general  blast- 
main,  both  sets  being  actuated  by  handles  on  the  top  of  the  depdts.  The 
table  being  at  the  top  and  the  pistons  at  the  bottom,  and  both  sets  of 
valves  being  closed,  the  empty  truck  is  run  on ;  the  balance  of  the  piston.^ 
being  such  that  the  table,  with  truck  on,  is  somewhat  heaviest.  As  long 
as  the  valves  at  the  bottom  are  shut,  however,  the  table  cannot  raise  the 
pistons,  as  immediately  they  move  a  partial  vacuum  is  formed  below 
them ;  the  moment,  however,  the  valve  communicating  with  the  atmos- 
phere is  opened,  the  extra  weight  of  the  table  pulls  the  pistons  up,  draw- 
ing air  after  them  through  the  valves.  This  constitutes  an  air-brake, 
and  is  entirely  under  control ;  the  descent  can  be  stopped  at  any  time  by 
shutting  the  valves,  and  the  speed  of  the  fall  regulated  at  pleasure.  On 
the  table  arriving  at  the  bottom  the  truck  rs  run  off,  but  before  doing 
80,  the  attendant  changes  the  handles  at  the  top— that  is,  shuts  the 
valves  to  the  atmosphere,  and  opens  the  set  communicating  with  the 
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75.— Kiln- Hoist,  Ayresome  Iron- Works;  front  eloTatiou,  partly  section. 
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Fig.  76.— Kiln-Hoist,  Ayreaome  Iron-Worka ;  tide  eleration. 
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blast-tubing^  tbus  producing  a  pressure  under  the  piston  of  4  lbs.  This 
is  for  the  purpose  of  supporting  the  heavy  pistons  when  the  truck  is 
run  off;  but  it  also  has  an  ulterior  object,  as  the  balanced  -weight  of  the 
pistons  is  such  that  they  will  descend  against  tbe  4  lbs.  pressure,  thus 
forcing  the  two  cylindersful  of  air  into  the  blast-tubing.  It  will  thus 
be  seen  that  for  every  empty  truck  which  descends  this  drop  a  certain 
amount  of  air  is  forced  into  the  blast-main.  Direct-acting  steam-hoists 
are  also  frequently  employed  in  the  North  of  England  for  lifting  trucks 
to  the  dep6ts  or  kilns. 


Smelting. 


V. 


Fud  used  in  the  Blast-Furnace. — The  fuel  used  in  the  blast-furnace 
is  usually  either  charcoal  or  coke,  but  both  raw  coal  and  anthracite  are 
likewise  extensively  employed.  Owing  to  its  freedom  froxli  sulphur 
and  other  impurities,  charcoal  yields  pig-iron  of  superior  quality  to  that 
smelted  from  the  same  ores  with  coke,  but  the  immense  consumption 
of  wood  entailed,  renders  the  manufacture  of  charcoal  iron  difficult  in 
any  but  thickly  wooded  districts,  or  such  as  have  cheap  communica- 
tion with  similar  districts  in  the  neighbourhood.  In  England  char- 
coal furnaces  are  entirely  abandoned,  and  their  number  is  constantly 
diminishing  on  the  Continent  of  Europe.  In  the  Styrian  Alps  the  local 
supply  of  charcoal  is  supplemented  by  importations  from  the  Lower 
Danube,  involving  a  railway  journey  of  several  hundred  miles.  Peat 
and  dried  wood  have  occasionally  been  used  in  admixture  with  charcoal, 
bat  the  experiment  has  never  proved  to  be  permanently  satisfactory.  In 
the  United  States  the  production  of  charcoal-pig  is  still  comparatively 
large,  though  less  than  it  was  formerly. 

Coke  for  blast-furnace  use  is  valued  in  proportion  to  its  freedom  from 
ash  and  sulphur.  The  former  may  range  from  5  to  15  per  cent,  and  the 
latter  from  0*3  to  TO  per  cent.  Its  physical  structure  is  also  of  import- 
ance ;  the  hard  silvery  columnar  varieties,  produced  at  the  highest  heat, 
being  preferred  to  the  dark,  dull  kinds  produced  at  lower  temperatures. 
Fonnerly  it  was  considered  that  the  coke  from  whole  coal  was  stronger 
than  that  made  from  slack,  but  opinion  has  changed  upon  this  point,  and 
it  is  now  common  to  grind  caking,  coal  as  a  preliminary  to  coking.  It  is 
still  matter  of  opinion  whether  extremely  dense  coke  is  the  most  econo- 
mical What  is  most  required  is  that  it  should  resist  oxidation  by  heated 
carbonic  acid  in  the  upper  regions  of  the  furnace  (to  avoid  an  unneces- 
sary production  of  carbonic  oxide),  but  burn  freely  when  brought  under 
the  influence  of  the  blast  from  the  tuyers.  A  hard  and  at  the  same 
time  somewhat  coarsely  vesicular  fuel  seems  to  be  the  best.  Sir  I.  L 
Bell  has  found  the  smelting  value  of  coke  made  in  ovens  utilizing  the  bye- 
products  of  the  gases  to  be  about  10  per  cent  below  that  made  in  the 
ordinaiy  beehive  oven.  Anthracite,  although  one  of  the  purest  of  mineral 
iuelS)  is  from  its  great  density  and  impermeability  less  advantageous  to 
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the  iron-smelter  than  might  be  expected.  In  South  Wales  a  further  dis- 
advantage is  experienced  from  the  tendency  to  decrepitation,  Which  makes 
it  necessary  to  work  with  an  open  tymp,  so  as  to  be  able  to  clear  out  the 
small  particles  of  anthracite  that  have  escaped  combustion  and  accumu- 
lated in  the  hearth.  The  anthracite  of  Pennsylvania  does  not  decrepitate 
to  the  same  extent  when  heated,  and  is  therefore  better  suited  for  blast- 
furnaces than  that  of  South  Wales.  It  is  much  used  in  the  North- 
Eastern  States,  especially  in  Pennsylvania  and  New  York,  but  even  there 
it  is  being  largely  replaced  by  coke. 

Kaw  coal  for  blast-furnaces  must  be  of  a  non-caking  kind,  and  when 
of  a  suitable  quality  it  is  perhaps  the  most  advantageous  fuel.  The 
principal  localities  in  which  it  is  used  are  the  West  of  Scotland  and 
North  Staffordshire,  South  Staffordshire,  and  Derbyshire.  It  is  used  to 
some  extent  in  admixture  with  coke.  In  the  United  States  the  so-called 
block  coal,  which  resembles  the  splint  coal  of  Scotland,  is  used  in  the 
blast-furnaces  of  Indiana. 

Blowing-in. — ^The  bio  wing-in  of  a  blast-furnace  is  an  operation  neces- 
sitating considerable  care,  since  if  too  hastily  effected  great  injury  to  the 
masonry  would  result.  When  a  furnace  has  been  made  ready  for 
blowing-in  by  building  up  the  tuyer-holes,  &c.,  a  quantity  of  rough  dry 
timber  is  placed  in  the  hearth,  filling  it  to  the  height  of  from  5  to  6  feet ; 
on  this  is  piled  coke  until  it  reaches  and  fills  the  boshes.  Fire  is  now 
applied  to  the  timber,  which  quickly  communicates  it  to  the  coke  above, 
and  regular  charges  of  calcined  ironstone,  limestone,  and  coke  are  added 
until  the  materials  reach  the  throat  of  the  furnace.  The  relative  amounts 
of  ironstone,  limestone,  and  coke  employed  vary  in  different  localities ; 
but  in  the  neighbourhood  of  Merthyr  Tydvil,  in  South  Wales,  they  are, 
according  to  Truran,  often  in  the  proportions  of  5|  cwts.  calcined  iron- 
stone, 1 J  cwt.  limestone,  and  4  cwts.  of  coke. 

The  furnace  having  been  in  this  way  gradually  filled  to  the  throat, 
the  blast  is  turned  on  to  the  extent  of  about  one-fifth  of  the  volume 
usually  employed.  For  a  furnace  intended  to  be  blown  with  4-inch 
nozzles,  the  first  set  should  have  a  diameter  of  If  inch ;  after  blowing 
about  thirty  hours,  these  may  be  replaced  by  others  2\  inches  in  diameter ; 
and  at  the  expiration  of  three  days  these  may  be  exchanged  for  3J-inch 
pipes.  By  the  close  of  the  third  week  the  size  may  be  increased  to  3| 
inches,  and  in  four  or  five  weeks  after  blowing-in,  full-sized  pipes  may 
be  used. 

Shortly  after  the  admission  of  the  blast,  the  workmen  commence 
clearing  the  hearth  below  the  tuyers  for  the  reception  of  slags,  which 
begin  to  make  their  appearance  about  twelve  hours  after  beginning  to 
blow.  In  twenty-four  hours  these  will  have  filled  the  bottom  of  the 
hearth. 

The  metal,  which  usually  makes  its  appearance  about  twelve  hours 
after  the  cinders,  will,  in  a  furnace  of  a  capacity  of  7,500  cubic  feet, 
accumulate  to  the  amount  of  from  3  to  4  tons  at  the   expiration  oi 
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sixty  honis  after  the  admission  of  the  blast.  Eighteen  liours  later, 
another  casting  of  2  tons  of  metal  may  be  made,  and  thenceforward  the 
castings  may  be  performed  at  the  usual  fixed  periods.  The  old  method 
of  supporting  the  charges  of  a  furnace  on  a  ** scaffold"  during  the 
process  of  biowing-in  is  now  seldom  resorted  to.  When  this  system 
is  adopted,  a  grate  of  iron  bars  is  made  across  the  hearth  on  a  level  with 
the  top  of  the  dam-plate,  and  as  soon  as  the  first  charge  of  ironstone 
reaches  this  point,  the  bars  are  withdrawn  and  the  blast  turned  on. 

DescerU  of  CJiarges, — The  respective  amounts  of  ironstone,  fiux,  and 
fuel  required  for  the  production  of  iron  of  a  given  quality  having  been 
determined,  it  is  important  that  their  relative  proportions  should  be 
maintained  unaltered  in  the  consecutive  charges  by  the  workmen  engaged 
in  filling,  and,  for  their  guidance  in  this  respect,  weighing-machines  are 
placed  in  the  various  barrow-roads  over  which  the  charges  are  transported. 
In  small  charcoal  furnaces,  the  different  ores  and  fluxes  are  usually  made 
up  in  suitable  ])roportions  in  alternate  layers  one  above  the  other,  and 
the  mixture  obtained  by  making  a  vertical  section  of  the  heap  is  charged 
into  the  furnace.  In  coke  furnaces,  the  ore  and  limestone  are  charged 
separately,  or  they  may  be  placed  in  the  charging-barrows  in  distinct 
strata. 

In  order  to  obtain  regularity  in  the  action  of  a  furnace,  the  column 
of  descending  materials  should  be  uniformly  heated  by  the  ascending 
current  of  hot  gases.  There  is,  however,  in  practice,  considerable  diffi- 
culty in  attaining  this  result,  since  the  upward  gaseous  current  follows 
the  sides  of  the  furnace,  whereas  the  flow  in  the  centre  of  the  mass  is 
comparatively  insignificant.  The  descent  of  the  solid  charges^  on  the 
other  band,  takes  place  under  very  different  conditions,  because  the  frag- 
ments of  which  they  are  composed  are  sensibly  retarded  by  friction 
against  the  masonry  of  the  furnace.  The  central  portions  are  not  thus 
affected,  and,  descending  more  rapidly,  they  have  a  tendency,  to  become 
less  heated  than  portions  of  the  mixture  occupying  a  position  in  which 
the  motion  is  less  gradual,  and  where  a  more  elevated  temperature 
prevails. 

From  this  cause  the  central  portions  of  the  successive  charges,  de- 
posited in  the  throat  of  the  furnace  in  approximately  parallel  layers,  over- 
take the  sides  of  those  which  precede  them  in  the  series,  and  thus,  at 
a  certain  depth  below  the  mouth,  the  contents  of  the  furnace  become 
intimately  mixed,  a  nearly  uniform  heat  being  the  result. 

The  distribution  of  the  materials  in  a  furnace  is  also  materially 
affected  by  the  arrangements  adopted  for  charging,  which  may  leave  the 
upper  surface  of  the  column  either  horizontal,  as  an  upright,  or  an 
inverted  cone,  or  as  a  combination  of  the  twoj  resulting  in  a  conical  heap 
with  a  funnel-shaped  depression  in  its  centre.  When  the  upper  surface 
of  the  charge  assumes  the  form  of  a  cone,  the  fragments  of  ore  and  fuel 
dropped  upon  it  from  above  take  up  positions  in  conformity  with  their 
differences  of  form  and  density.     A  large  proportion  of  the  ironstone 
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will  remain  where  it  first  falls,  while  the  lighter  fuel,  which  is  usuially  in 
larger  fragments,  rolls  down  the  slope  and  arranges  itself  around  the 
periphery  of  the  hase,  thus  establishing  the  worst  possible  combination 
of  circumstances  by  allowing  a  free  passage  to  the  gases  around  the 
sides,  while  a  dense  core  of  almost  impermeable  ore  accumulates  in  the 
centre. 

When  the  charges  are  distributed  around  the  circumference  of  the 
throat,  the  surface  forms  a  conical  cup,  the  lighter  fragments  rolling 
inwai-ds  towards  the  centre,  while  the  ore  accumtilates  in  the  vicinity  of 
the  walls.  This  tendency  of  the  fuel  and  larger  masses  of  ore  to  settle 
in  the  middle,  forming  a  central,  readily  permeable  column,  results  in  a 
more  equal  distribution  of  the  draught  over  the  entire  horizontal  section, 
while  the  bulk  of  the  ore  descends  slowly  through  the  region  most  highly 
heated  by  the  current  of  ascending  gases.  These  conditions  are  favour- 
able to  uniform  and  economical  working,  but  in  the  case  of  furnaces 
having  wide  throats,  the  central  draught  may  sometimes  become  so  active 
as  to  result  in  an  undue  consumption  of  fuel,  and  the  constant  contact 
with  ironstone  is  liable  to  produce  an  erosive  action  on  the  brickwork  of 
the  lining. 

Tapping, — The  removal  of  the  liquid  metal  is  called  tapping^  and  is 
effected  by  piercing,  with  a  long  bar,  a  plug  of  sand  and  clay  with  which, 
during  the  previous   operation,  a  hole  com- 
municating with  the  bottom  of  the  hearth  has 
been  closed.     Before  proceeding  to  tap,   the 
I  workmen  prepare  the  moulds  or  pig-bed^  ^^. 

77.  This  consists  of  a  series  of  parallel  de- 
pressions of  the  shape  of  the  pig  required, 
which  are  connected  by  feeders,  ft,  with  the 
main  channel,  a,  communicating  with  the  tap- 
hole.  The  blast  is  now  shut  off,  the  fore  part 
of  the  hearth  is  opened,  and  the  plug  of  re- 
fractory material  removed;  this  allows  the 
melted  iron  to  flow  into  the  lowest  line  of 
moulds,  and  when  these  are  filled  the  current 
I  is  stopped  by  a  dam  of  sand  at  d^  which  allows 
the  next  row  to  fill,  and  so  on  until  the  hearth 
is  emptied.  The  pig-beds,  as  a  rule,  are  made 
of  ordinary  siliceous  sand,  but  sometimes  granulated  slag  is  preferred. 
For  forge  purposes  and  in  making  manganiferous  metal,  heavy  chill- 
moulds  of  cast-iron  are  used. 

The  semi-cylindrical  bars  or  pigs  are  united  by  one  of  the  shape  of 
the  channels  6,  called  a  sow^  from  which  they  are  easily  separated  by  being 
broken  off  at  the  point  of  connection.  When  the  whole  of  the  metal  has 
been  drawn  off,  the  blast  is  again  admitted  into  the  furnace,  and  smelting 
operations  are  repeated  as  above  described,  until,  from  the  quantity  of 
metal  accumulated,  a  second  tapping  becomes  necessary. 
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'  Elomng-ottt. — Whenever  it  becomes  necessary  to  put  a  furnace  out 

of  blast,  for  the  purpose  of  repairs  or  for  any  other  reason,  the  burden  is 

I  for  some  time  reduced,  in  order  that  the  temperature  of  the  hearth  may 

I  be  increased,  for  the  purpose  of  removing  obstructions  only  fusible  at  a 

j  high  heat. 

The  gas-tubes  and  other  metallic  fittings  of  the  throat  are  next 
removed,  and  charging  having  been  suspended,  the  contents  of  the 
furnace  are  allowed  to  burn  down ;  the  last  tapping  is  made  from  a  point 
as  low  down  as  possible  in  the  hearth. 

The  hearth  is  frequently  found  to  be  more  or  less  obstructed  by  im- 
perfectly agglomerated  masses  of  malleable  iron ;  and  detached  crystals, 
or  even  lumps,  of  considerable  size,  of  a  copper-coloured  substance, 
TigCKf,  which  was  formerly  supposed  to  be  metallic  titanium,  are  found 
adhering  to  the  brickwork. 

It  sometimes  happens  that,  either  through  want  of  material,  or  by 
some  accident  to  the  machinery,  it  becomes  necessary  to  suspend  the 
operations  of  a  fiimace  during  several  successive  days.  This  may  often 
he  done  by  hermetically  closing  the  throat  and  tuyer-holes  with  sand 
or  clay;  but  should  the  interruption  extend  over  a  period  of  more 
than  a  week,  cooling  takes  place  to  such  an  extent  as  to  cause  agglomera- 
tions liable  to  render  the  abandonment  of  the  furnace  necessary. 

Vabibtibs  of  Pig-iron. — The  metal  produced  in  the  blast-furnace 
is  known  by  the  general  names  of  pig-iron^  pig-mefcUy  or  cast-iron;  in 
French  fonte,  and  in  German  Roheisen,  Apart  from  the  more  mangani- 
ferous  varieties,  for  which  special  names  are  adopted,  the  classification 
employed  is  a  numerical  one,  depending  upon  the  greyness  of  the  frac- 
ture. The  most  coarsely  crystalline  and  darkest,  or  most  graphitic  metal, 
is  rated  as  No.  I.,  while  No.  II.  is  of  a  smaller  crystalline  texture,  and 
so  on,  the  fracture  becoming  finer-grained  and  more  uniform  up  to  Nos. 
IV.  or  v.,  at  which  point  the  limit  of  mottled-iron  is  reached.  The  frac- 
ture showing  alternations  of  grey  patches  in  a  white  base  or  the  reverse, 
gives  rise  to  qualities  known  as  strong-  and  wedh-mottled  respectively. 
When  the  granular  grey  patches  are  entirely  absent,  the  fracture  becomes 
nearly  uniform,  with  a  dull  silvery  lustre,  or  that  of  white-iron. 

The  difference  between  white  and  grey  pig-metal  depends  chiefly  upon 
differences  in  the  amount  of  graphitic  carbon  present,  which  is  almost 
entirely  absent  in  the  former  and  reaches  a  maximum  in  the  latter.  The 
separation  of  graphite  is,  however,  promoted  by  the  presence  of  silicon,  and 
therefore  the  higher  or  "richer"  classes  of  grey-metal,  Nos.  I  and  IL, 
usually  contain  a  notable  proportion  of  that  element.  These  are  especially 
valuable  for  mixing  purposes  in  foundries,  although  not  fitted  for  the 
production  of  castings  alone.  The  standard  number  for  general  foundry 
work  is  No.  IIL,  and  it  is  this  quality  which  it  is  sought  to  produce 
on  a  large  scale  in  Cleveland,  the  higher  numbers  requiring  a  larger 
consumption  of  coke. 

The  special  qualities  known  as  Nos.  I.  and  II.  Bessemer  pig  differ 
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from  the  same  Nos.  of  foundry  iron  by  their  freedom  from  phosphonis. 
They  are  smelted  from  magnetite,  hadmatite,  or  other  of  the  purer  kinds 
of  ore,  and  may  contain  a  large  amount  of  silicon  with  advantage. 

Grey  pig-irons  low  in  silicon,  such  as  are  smelted  from  ores  contain- 
ing a  small  proportion  of  manganese  with  charcoal,  or,  as  is  still  done  to 
a  small  extent,  with  coke  and  cold-blast,  are  known  as  strong  foundry 
irona  These  are  specially  adapted  for  the  production  of  objects  with 
hardened  or  chilled  surfaces  by  casting  in  metal  or  chilled  moulds,  such 
as  rolls  for  forges,  paper-,  flour-mills,  and  railway  wheels.  The  car-wheel 
iron  of  America  and  the  Staffordshire  cold-blast  pigs  are  examples  of 
this  kind  of  metal,  which  is  also  applied  in  the  production  of  malleable 
castings  and  many  small  objects  of  cast-iron  which  are  superficially  con- 
verted into  wrought-iron  by  heating  them  in  powdered  hsematite.  For 
this  purpose  almost  entire  freedom  from  manganese  is  necessary.  The 
type  of  this  class  of  metal  is  the  Lome  pig-iron,  formerly  smelted  with 
charcoal  from  Cumberland  haematite. 

White  pig-metal  being  principally  used  for  conversion  into  malleable 
iron,  should  contain  a  minimum  of  carbon,  and  as  little  silicon,  phosphorus, 
and  sulphur  as  possible.  These  conditiona,  however,  can  only  be  realized  in 
smelting  very  pure  ores,  such  as  the  spathic  ores  of  Styria  or  the  Swedish 
magnetites,  with  charcoal,  when  the  metal  obtained  is  almost  entirely  free 
from  silicon  and  sulphur.  When  mineral  fuel  is  used,  it  is  difficult  to 
prevent  the  metal  taking  up  sulphur  unless  the  ore  contains  manganese, 
as  the  use  of  sufficient  limestone  flux  for  complete  desulphurization  is 
excluded  by  the  necessity  of  producing  a  moderately  fusible  slag,  other- 
wise the  metal  will  take  up  silicon  and  become  grey.  The  necessary 
fusibility  in  such  cases  is  contributed  by  other  bases,  such  as  the  oxides 
of  iron  and  manganese,  producing  a  dense,  dark-coloured  slag,  which 
is  excessively  corrosive  or  scouring  in  its  action  on  the  furnace. 
White-iron  is  essentially  the  product  of  a  heavily  burdened  furnace 
working  with  rich  and  easily  fusible  materials,  such  as  hssmatite  and  forge- 
cinders,  and  consuming  a  minimum  of  fuel  per  ton  of  metal  produced.  It 
was  at  one  time  largely  made  in  South  Wales  for  rail-making,  but  since 
the  use  of  steel  for  this  purpose  has  become  general,  its  importance  has 
considerably  diminished. 

When  white-iron  is  produced  by  furnaces  that  are  burdened  for  grey- 
metal,  it  indicates  some  derangement  in  the  working  conditions,  which 
must  be  corrected  by  modifying  the  fluxes  and  increasing  the  relative 
proportions  of  fuel  to  buixlen. 

Manganiferous  Pig-Metal, — The  presence  of  manganese  in  pig-iron 
is  advantageous,  except  in  the  case  of  metal  intended  for  making  malle- 
able castings,  or  when  a  high  proportion  of  silicon  is  desired.  The 
reduction  of  manganese  oxide  can  only  be  effected  by  contact  with  solid 
carbon  at  a  temperature  considerably  above  that  at  which  manganese 
silicate  is  formed  by  the  contact  of  manganous  oxide  and  silica,  and 
this  silicate,  when  once  formed,  can  scarcely  be  reduced.     The  loss  of  a 
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conaideTable  portion  of  the  metal  in  the  slags  is  therefore  a  necessity  in 
smelting  manganiferous  ore&  Manganese  takes  up  twice  as  much  carbon 
as  iron,  but  retains  it  in  the  combined  condition  up  to  about  6  per  cent, 
giving  a  white  metal  with  a  more  or  'less  platy  crystalline  structure. 
When  the  plates  are  small,  so  that  the  fracture  has  a  radiated  fibrous  or 
finely  columnar  structure,  the  metal  is  known  as  WetssstraM  in  Germany, 
or  fonte-inhanei  in  France.^  This  contains  up  to  about  4  per  cent,  of 
manganese  and  combined  carbon,  and  is  the  principal  product  of  furnaces 
smelting  spathic  ores  with  coke  for  foige  purposes,  being  easily  made, 
and  valuable  as  a  material  for  conversion  into  wrought-iron  and  puddled 
steel.  When  the  proportion  of  manganese  amounts  to  8  or  10  per  cent., 
the  metal  has  a  large,  platy,  crystalline  fracture,  the  separate  plates  being 
often  more  than  an  inch  broad,  giving  the  structure  characteristic  of  spiegel- 
eiaen  (mirror  iron),  which  term,  in  the  contracted  form  of  "  gpiegel" 
is  now  in  general  use  in  every  iron-making  country.  The  characteristic 
spiegel  structure  is  apparent  in  metal  containing  20  to  25  per  cent. 
of  manganese,  but  with  higher  proportions  of  the  latter  the  fracture  be- 
comes fine-grained,  generally  resembling  that  of  a  hard  white  bronze,  and 
the  metal  is  no  longer  magnetic  With  still  higher  proportions  of  man- 
ganese, 50  per  cent  and  upwards,  an  acicular  crystalline  structure  is 
developed,  somewhat  resembling  that  of  sulphide  of  antimony.  These 
higher  manganese  iron  alloys,  known  as  ferro-manganesef  have  been  made 
up  to  a  maximum  content  of  about  88  per  cent,  of  manganese  and  7  per 
cent,  of  carbon.  They  are  exclusively  used  as  additions  in  the  final 
operations  of  steel-making  by  the  open-hearth  and  Bessemer  processes. 

As  manganese  oxidizes  very  readily,  the  characteristic  colour  of  a 
manganiferous  pig  can  only  be  seen  on  a  freshly  fractured  surface.  The 
surfaces  of  spiegeleisen  are,  when  well  crystallized,  generally  tarnished 
with  a  steel-blue  iris,  and  the  richest  ferro-manganese  oxidizes  and  disin- 
tegrates when  exposed  to  the  air  for  any  length  of  time.  From  the  ana- 
lyses of  different  samples  of  ferro-manganese  given  on  p.  257,  it  will  be 
seen  that  the  amount  of  silicon  and  phosphorus  increases  with  that  of 
manganese. 

Siliciferous  Pig-Metal. — Pig-iron  in  which  the  proportion  of  silicon 
notably  exceeds  that  of  carbon,  while  retaining  the  characteristic  struc- 
ture of  the  higher  foundry  Nos.,  is  lighter  in  colour.  This  so-called 
•*  glazed-"  or  "  glazy-iron  "  is  produced  when  the  furnace  is  in  the  highest 
working  condition,  ie.,  when  lightly  burdened  and  developing  a  maxi- 
mum temperature  in  the  hearth,  with  highly  heated  blast  According 
to  M.  Athaire,  the  use  of  aluminous  fluxes  as  a  means  of  rendering  the 
slags  refractory,  also  favours  an  excessive  reduction  of  silicon  in  furnaces 
.  burdened  for  grey-iron.  To  a  very  limited  extent  glazy-iron  may  be 
used  in  foundry  mixtures ;  but  as  it  is  too  weak  to  be  made  into  castings 
alone,  and  cannot  be  converted  into  malleabje  iron  on  account  of  the 

^  Literally  'white-rayed  and  ribboned-metal.  There  ia  no  English  equivalent  term, 
««  it  is  not  made,  as  a  rule,  iu  this  country. 
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enonnous  waste  of  fettling  in  the  puddling-famace ;  it  is  rarely  made 
except  by  accident.  A  tendency  to  over-reduction  of  silicon  is  corrected 
hy  lowering  the  blast  temperature  and  increasing,  for  a  time,  the  ore 
burden  in  the  furnace. 

The  richer  kinds  of  manganiferous  metal  may  be  made  to  take  up  a 
much  larger  proportion  of  silicon  than  ordinary  pig-iron,  and  alloys  of 
this  kind,  with  10  per  cent,  and  upwards  of  silicon,  known  as  ferro- 
silicon  *  or  silieite,  are  now  made  for  use  in  the  production  of  mild  steel 
castings.  A  small  addition  made  to  the  metal  in  the  ladle  prevents  the 
formation  of  blow-holes  in  the  finished  casting. 

Phosphorus  Fig- Metal. — The  method  of  dephosphorizing  in  the 
converter  introduced  by  Thomas  and  Gilchrist  has  created  a  demand 
for  a  special  variety  of  pig-iron,  containing  a  maximum  of  phosphorus 
and  a  minimum  of  silicon ;  exactly  the  opposite  of  what  was  required 
in  the  Bessemer  process,  as  originally  carried  out.  Other  essentials  are  the 
presence  of  a  notable  quantity  of  manganese  and  freedom  from  sulphur. 
This  iron  is  produced  in  large  quantities  from  the  manganiferous  brown 
iron  ores,  of  Ilsede  in  Hanover  containing  phosphorite,  with  the  addition 
of  puddling-fumace  cinder.  It  resembles  ordinary  white-iron  or  low 
spiegeleisen,  and  contains  from  3|  to  5^  per  cent,  of  manganese,  and  from 
2  to  3  per  cent,  of  phosphorus.  At  Seaton-Carew,  Durham,  similar 
so-called  Thonias  pig-iron  is  made  with  as  much  as  7  per  cent  of 
phosphorus. 

The  power  of  resistance  of  cast-iron  to  strains  variously  applied  differs 
in  accordance  with  the  quality  and  composition  of  the  metal  No.  1  pig 
is  soft  and  deficient  in  strength,  as  compared  with  lower  qualities  made 
from  Uie  same  ores,  and,  consequently,  for  foundry  purposes  it  is  customary 
to  so  blend  the  different  kinds  of  metal  as  to  obtain  a  mixture  suitable 
for  the  casting  to  be  produced.  Silicon  is  believed  to  prejudicially  affect 
the  strength  of  cast-iron,  and  it  may  be  from  the  presence  of  a  larger 
amount  of  this  element  in  hot-blast  metal  that  its  strength  is  inferior  to 
that  smelted  by  the  cold-blast 

The  maximum  and  minimum  limits  of  strength  of  British  pig-iron, 
as  deduced  from  experiments  made  at  the  Woolwich  Arsenal  (1856-59), 
are  as  follow  : — 

Minimum.  Maximum. 

Specific  gravity 6-886  7*289 

Tensile      strength  per  square  inch  .  4*85  tons  14*05  tons. 

Transverse      „         „           „  .  1*87   „                  4-47    „ 

Torsional         „          „          „  .  1'74    „                  3*44    „ 

Crushing         „          „          „  .  22-54   „  58-42    „ 

Tensile  strength  was  determined  by  tearing  asunder  short  columns  of 
1  -3  inch  in  smallest  diameter.  Transverse  strength  was  determined  by 
taking  the  mean  of  a  number  of  values  derived  from  breaking  bars  22 

^  SUicO'ferro-manganeu  would  be  n  more  eznot  description. 
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inches  long  and  2  inches  square.  Torsional  strength  was  determined  on 
round  bars  8  inches  long  between  the  points  at  which  the  twisting  force 
was  applied.  The  crashing  strains  were  deduced  from  cylinders  1  '3  inch 
high  and  0*6  inch  in  diameter. 

The  lowest  values  were  obtained  from  iron  made  from  sandy  brown 
ores,  and  the  best  from  haematite  and  from  argillaceous  carbonales, 
smelted  either  together  or  separately  with  cold-blast. 


Composition 

OP  Pio-Irons. 

C.1 

Si. 

P. 

8. 

Mn. 

Fe. 

Orey-IrcnM, 

a. 

6. 

c 

1.  GoUnen,  Ko.  I.  Foundry 

830 

0-20 

... 

3-50 

0-98 

0-02 

1-58 

... 

2.  Langloan,  No.  11.    „ 

... 

3-22 

2-34 

051 

... 

1-21 

... 

3.  Ckrenee,  No.  III.     „ 

216 

0-65 

... 

179 

1-80 

0-10 

0-66 

... 

4.  Workingikon.  No.  I.  Bettamer . 

3-85 

0-24 

!..* 

2-20 

010 

0-05 

115 

... 

320 

0-35 

... 

2*20 

0-30 

008 

6-70 

... 

Shrmg  Foundry  Irons. 

6.  LerlMch,  Charcoal Cold-blMt, No.  II.' 

3-85 

0-48 

... 

0-79 

1-22 

0-02 

... 

... 

t  Bowling,  Cold-blast,  Na  I.       . 

... 

2-99 

0-97 

0-50 

0-06 

... 

... 

&  GnuebrookB.  Cold-blitst,  No.  I. 

3*07 

, 

1-48 

0  43 

003 

0-96 

«•«. 

9.  Fintpong,  Gun-foundry  Iron    . 

217 

1-75 

.- 

0-«7 

006 

012 

0-19 

Forge  Fiff-Irons. 

10.  develand,  mottled  .... 

... 

8-66 

0-66 

lt)6 

0*86 

0-79 

93-95 

ILDowlaii            „        .        .        .        . 

!!! 

."! 

2-95 

1-96 

O&i 

0-28 

023 

12.  Cleveland,  white      .... 

3-20 

0-64 

1-32 

0-20 

0-60 

..! 

13.  DowUiB        „            .... 

... 

2-84 

1-21 

0-64 

0-46 

014 

... 

14.  Luxemburg  „           .... 

110 

0-47 

... 

0-40 

1-62 

0-80 

0-44 

... 

15c  Lome,  Charcoal,  white    . 

... 

3-69 

0-28 

- 

om 

0-06 

... 

SUieon  and  Pho&phorus  Pig  Irons, 

16.  GlazT-Iron,  Clarence 

2-59 

0-79 

618 

1-12 

017 

0-77 

88-18 

17.  St.  Louie.  Silicon-Pig        . 

3-44 

0-21 

4-89 

006 

0-84 

... 

1&  IlMde,  Baeio-Pig      .... 

... 

... 

2-68 

0-11 

3-29 

o'-ik 

384 

... 

Manganiferous  Pig-Metal. 

191  Sisenerz  WeiusUhl 

... 

3-40 

009 

0-02 

0-77 

20.  Wisien  Spiegeleisen 

4-iO 

0-26 

o-os 

0-06 

iiio 

2L  French           „                  ... 

... 

5-25 

0-46 

008 

... 

20-50 

75-86 

22L      „         Ferro-manganese 

... 

6-00 

0-46 

013 

... 

51-80 

41-70 

23.      „                    „                     .        . 

... 

6-40 

2-73 

0-24 

... 

74-00 

18-20 

21 

... 

6-50 

1*49 

029 

... 

87-90 

6-78 

25.       „         Ferro-eilicon 

... 

2-65 

1020 

0-18 

... 

20  50 

66-75 

Production  op  Blast-Furnacks. — ^The  greatly  increased  production 
of  the  modem  blast-furnace,  as  compared  with  those  of  older  date,  is 
partly  due  to  its  larger  size,  and  partly  also  to  the  proportionately  large 
amount  of  blast  with  which  it  is  now  supplied.  The  time  necessary 
for  the  complete  reduction  of  the  ore,  previously  to  actual  fusion,  is 
dependent  on  many  variable  elements,  such  as  its  richness,  composi- 
tion, porosity,  and  density,  the  nature  of  the  fuel,  &c.  It  is  therefore 
in  order  to  obtain  any  given  result,  with  regard  to  either 


^  Of  the  three  oolumus  under  C,  the  first,  a.  giree  the  amount  of  graphitic  carbon, 
the  leoond,  6,  that  of  combined  carbon,  and  the  third,  c,  the  total  amoant  of  th^t 
element  present. 
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quality  or  produce,  to  ascertain  by  actual  experiment,  for  each  parti- 
cular furnace,  the  amount  of  blast,  burden  of  ore,  and  admixture  of 
fluxes  which  should  be  employed.  The  more  completely  the  materials 
are  exposed  to  the  action  of  the  ascending  gaseous  current,  all  other 
cqnditions  being  the  same,  the  shorter  will  be  the  time  necessary  for 
reduction,  and  it  is  consequently  important  that^  by  the  use  of  suitable 
charging  and  gas-collecting  apparatus,  the  flow  of  gases  through  the 
mass  should  be  rendered,  as  far  as  possible,  uniform.  The  free  escape 
of  gases  from  the  top  of  the  furnace  must  specially  be  provided  for,  and 
on  this  account  methods  based  upon  their  collection  above  the  surface 
of  the  charges  are  to  be  preferred  to  those  in  which  lateral  flues  pene- 
tmting  the  walls  below  the  level  of  the  throat  are  made  use  oi  If  the 
pressure  of  the  blast  delivered  to  a  furnace  be  kept  constant,  while  the 
volume  is  increased,  a  tendency  to  produce  white-iron  will  be  developed. 
On  the  other  hand,  by  increasing  both  pressure  and  temperature,  espe- 
cially if  the  ores  be  of  a  refractory  character,  the  production  of  mottled 
or  grey-iron  is  likely  to  be  the  result. 

CJiarcoal  Furnaces, — The  Styrian  furnaces,  which  are  remarkable 
for  their  large  production  as  compared  with  their  small  volume,  consist 
of  two  trunwited  cones  united  by  their  bases ;  the  throat  is  very  narrow, 
and  they  differ  from  other  blast-furnaces  in  being  without  a  fore-hearth. 
The  metal  and  slag  are  allowed  to  accumulate  in  the  hearth,  whence  they 
are  removed  by  frequent  tappings,  as  many  as  sixteen  casts  being  some- 
times made  in  the  course  of  twenty-four  hours.  The  ores  treated  are 
chiefly  spathic  carbonates,  poor  in  manganese,  and  more  or  less  changed 
by  oxidation  and  loss  of  carbonic  anhydride  into  brown  haematite.  In 
order  to  free  the  ironstone  as  completely  as  possible  from  sulphur,  it  is, 
after  roasting,  exposed  to  the  action  of  the  weather  for  a  period  of  from 
two  to  three  years.  The  ores  treated  contain  from  35  to  55  per  cent,  of 
metal,  and  the  object  sought  is  the  production  of  white-pig  for  the  manu- 
facture of  bar-iron  with  a  minimum  expenditure  of  charcoal.  In  order 
to  attain  this  end  the  furnaces  are  worked  with  a  very  heavy  burden,  care 
being  taken  to  counteract  the  tendency  to  form  obstructions  by  intro- 
ducing at  regular  intervals  charges  of  fuel  without  ore.  Some  of  the 
ores  treated  are  so  constituted  as  not  to  require  the  addition  of  fluxes,  but 
they  generally  contain  so  large  a  proportion  of  lime  as  to  render  a  mixture 
of  siliceous  and  argillaceous  materials  necessary. 

Von  Fischer's  furnace,  Vordemberg,  is  one  of  the  smallest  in  the 
world,  its  total  height  being  28  feet,  its  width  at  the  boshes  6  feet,  and 
its  cubic  capacity  452  feet.  The  usual  charge  of  this  furnace  consists  of 
223  lbs.  roasted  ore,  15  lbs.  clay,  and  4  lbs.  of  the  granulated  pig-iron 
recovered  by  stamping  and  washing  the  slags  ;  to  this  are  added  95  lbs. 
charcoal  This  furnace  is  tapped  at  intervals  of  ninety  minutes,  fourteen 
charges,  including  a  blank  one  of  fuel  without  burden,  being  made  during 
the  same  period ;  the  daily  production  of  pig-iron  is  7  J  tons. 

Yon  Fridau's  furnace,  in  the  same  district,  is  somewhat  larger  than 
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the  aboTe ;  its  heiglit  is  42  feet,  its  diameter  at  the  boshes  is  7^  feet,  and 
its  capacity  1,052  cubic  feet  The  full  charge  consists  of  6  cwts.  of 
roasted  ore,  to  which  are  added  10  per  cent,  of  clay,  and  about  10  lbs.  of 
granulated  metal  from  the  slags.  Fifteen  and  a  half  cubic  feet  of  soft  pine- 
charcoal,  weighing  101  lbs.,  are  employed  with  each  charge,  and  the 
burden  of  ore  is  gradually  raised  from  3  to  6  cwts.  per  charge,  and  after- 
wards successively  diminished  in  a  similar  way ;  a  blank  charge  of  fuel 
without  ore  being  introduced  at  each  change  from  an  increasing  to  a  de- 
creasing burden.  The  production  of  this  furnace  varies  from  18|  to  20 
tons  daily,  and  the  tuyers,  which  incline  at  an  angle  of  5**,  cause  the 
hearth,  to  some  extent,  to  act  as  a  refinery. 

The  largest  Styrian  charcoal  furnace  at  Trofaiach,  52  feet  high,  9^ 
feet  diameter  of  boshes,  and  of  about  2,050  cubic  feet  capacity,  smelts 
from  90  to  125  charges  daily,  producing  from  30  to  40  tons  of  metal 
The  spathic  ore,  46  per  cent,  produce,  is  used  in  the  proportion  of 
i  roasted  to  ^  raw,  together  with  siliceous  clay  or  puddling-furnace  cinder 
as  flux.  When  the  latter  is  in  more  than  fluxing  proportions,  a  corre- 
sponding addition  of  caustic  lime  is  added.  The  consumption  of  charcoal 
is  13^  cwt&  per  ton  of  white  forge-iron,  with  blast  kt  about  350"  C. 

The  blast-furnaces  employed  in  Sweden  are,  in  many  respects,  similar 
to  those  of  Styria,  but  they  are  provided  with  a  small  and  narrow  fore- 
hearth.  Their  capacity  is  usually  inconsiderable,  varying  from  600  to 
2,500  cubic  feet  The  best  varieties  of  Swedish  ores  are  known  as  "  self- 
fluxing,"  and  contain  earthy  materials  in  such  proportions  as  to  afford 
fusible  slags  without  further  addition.  The  ores  of  Dannemora,  Lang- 
baushytta,  and  Langshytta  are  of  this  description,  and  contain  from  50 
to  60  per  cent,  of  iron.  At  the  last-named  locality  the  charges,  even 
after  the  addition  of  from  3  to  5  per  cent  of  limestone,  sometimes  con- 
tain above  60  per  cent  of  iron.  The  more  siliceous  haematites  and 
micaceous  ores  are  mixed  with  calcareous  magnetites,  and  fluxed  with 
dolomitic  limestone ;  the  average  amount  of  iron  in  the  charges  varies 
from  35  to  50  per  cent 

The  siliceous  itabirite  of  Nora  requires  an  admixture  of  25  per  cent. 
of  limestone,  and  at  Taberg,  where  the  ore  smelted  consists  of  magnetite 
disseminated  in  an  eruptive  greenstone,  the  charges  contain  only  about 
20  per  cent  of  iron.  At  Dannemora,  the  blast  is  heated  to  from  80**  to 
100"  C,  and  throughout  Sweden  the  temperature  does  not  usually  exceed 
200*  C.  The  waste  gases  are  withdrawn  through  an  aperture  in  the  side 
of  the  furnace  12  to  15  feet  below  the  throat,  and  are  employed  both  for 
heating  the  blast  and  for  the  calcination  of  ores.  Cold-blast  is  used  at 
Finspong  for  the  production  of  gun-foundry  iron. 

The  average  weekly  production  of  the  Swedish  furnaces  ranges  from 
30  to  60  tons  of  pig-iron,  but  at  Langshytta  the  weekly  make  is  117  tons, 
at  Sandviken  104  tons,  and  at  Langbanshytta  75  tons  per  furnace.  In 
1882  the  average  number  of  days  that  a  furnace  was  in  blast  in  Sweden 
was  230,  and  the  make  2,112  tons,  or  about  9  tons  daily. 
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The  consumption  of  charcoal  varies  from  16  to  17  cwts.  per  ton  for 
-white  and  mottled  pig-iron  produced,  and  from  21  to  22  cwts.  per  ton  for 
grej-metal  suitable  for  foundry  purposes,  or  the  preparation  of  Bessemer 
steel ;  the  poor  magnetic  ores  of  Taberg  require  as  much  as  50  to  60 
cwts.  of  charcoal  to  produce  a  ton  of  pig-iron. 

At  the  well  known  iron-works  at  Finspong,  Ostgothland,  the  pig-iron 
intended  for  making  cannon  is  run  directly  from  the  furnace  into  the 
moulds ;  whereas  in  other  foundries  it  is  usual  to  re-melt  the  pig-iron  in 
Teverberatory  furnaces.  The  charge  in  1857  was,  according  to  Tunner, 
composed  as  follows : — 


Ferola  ores 

Jema     „ 

Petang   „        .        . 

Stenbo    „ 

Scrap  cast-iron 

Iron-borings    . 

Limestone 

Charcoal. 

Lispunds.! 

Lifipunds. 

Lbs.  AvctirdupoU. 

29-8     -k 
2-7    ) 

42-0 
Tunnas. 

625-80 

22-85 
22-85 
96-85 

767-85 

ImperlHl  biiahels. 
86 

The  Ferola  ores  chiefly  consist  of  granular  magnetite  and  quartz,  with 
a  little  oligoclase,  hornblende,  and  iron  pyrites ;  the  Jerna  ore  is  a  richer 
and  less  compact  magnetite,  associated  with  the  same  minerals  as  those 
from  Ferola.  The  Petang  ores  are  similar,  but  are  more  finely  granular, 
and  contain  a  considerable  percentage  of  manganese  ;  the  Stenbo  ore  is  a 
mixture  of  magnetite  and  spathic  carbonate  of  iron.  These  ores  yield 
from  48  to  52  per  cent,  of  pig-iron  of  groat  strength,  but  contain  a 
notable  quantity  of  sulphur ;  this,  instead  of  impairing  the  quality  of  the 
metal,  is  believed  to  increase  its  strength.^ 

At  Marquette,  Lake  Superior,  the  ores  smelted  are  a  brown  haematite 
containing,  on  an  average,  40  per  cent,  of  iron,  and  a  specular  schist 
yielding  60  per  cent,  of  that  metal.  These  ores  are  mixed  in  such  pro- 
portions as  to  yield  55  per  cent  of  pig-iron,  and  are  treated  in  a  furnace 
40  feet  in  height,  1 1  feet  in  the  boshes,  and  4  feet  at  the  throat ;  the 

1  Eftoh  of  14*9  lbs.  avoirdupois. 

2  "With  respect  to  the  influence  of  sulphur  on  the  qUAlity  of  iron,  Dr.  Percy 
remarks:  *'I  have  particularly  interrogated  the  intelligent  xnaDagers  of  iron-worki. 
from  every  part  of  England,  as  to  their  opinion  concerning  the  influence  of  sulphur, 
in  certain  proportions,  even  on  bar-iron,  and  they  Imve,  without  exception,  expressed 
the  opinion  that  it  is  not  unfavourable  to  strength,  however  it  may  interfere  with  the 
iloish  on  Uid.surface  of  the  metal."— /ron  and  Sieeff  \\  {)54. 
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gases  are  collected  in  an  annular  flue  enclosed  by  an  iron  cylinder.  The 
blast  is  introduced  at  a  temperature  of  330"*  C,  and  at  a  pressure  of 
about  2  lbs.  per  square  inch,  through  two  tuyers,  each  3^  inches  in 
diameter,  on  opposite  sides  of  the  hearth.  A  crystalline  limestone  is 
used  as  flux,  to  the  amount  of  about  10  per  cent,  and  the  consumption 
of  charcoal  is  approximately  25  cwts.  per  ton  of  pig-iron.  The  weekly 
production  is  from  125  to  130  tons  of  fine-grained  dark-grey  pig,  suitable 
either  for  foundry  work  or  for  the  manufacture  of  Bessemer  steeL 

The  newer  American  charcoal  furnaces  are  from  50  to  60  feet  high, 
9  to  12  feet  in  the  boshes,  and  from  2,400  to  3,000  feet  cubic  capacity, 
with  very  steep  boshes  (from  73**  to  SV).  The  make  is  from  300  to 
350  tons  weekly.  The  Martel  furnace  at  St.  Ignace,  Michigan,  52  feet 
high,  with  10  ft.  6  in.  boshes,  7  feet  throat,  5f  feet  hearth,  and  2,800 
cubic  feet  capacity,  has  made  up  to  420  tons  per  week,  smelting  specular 
haematite  of  60  per  cent  produce  with  13i  cwts.  of  charcoal  per  ton. 
The  ores  are  very  pure,  requiring  only  4  cwts.  of  dolomitic  flux,  which 
produces  only  about  5  cwts.  of  cinder  per  ton.  The  blast  is  heated  by 
two  Whitwell  stoves,  59  x  14}  feet,  to  800"  C.  In  1884  seventy-eight 
charcoal  furnaces  were  blowing  in  the  United  States,  and  made  408,400 
tons  of  pig-iron,  with  a  consumption  of  452,600  tons  of  charcoal.  In 
Michigan  153,500  tons  of  pig-iron  were  made  with  132,800  tons  of 
charcoal 

Coke  Furnaces, — The  ores  smelted  in  the  Siegen  district  are  princi- 
pally spathic  carbonates  and  brown  hsematites ;  the  former  contain  a  con- 
sideiable  quantity  of  manganese.  The  spathose  ores  are,  for  the  most 
part,  obtained  in  the  immediate  neighbourhood,  but  a  considerable  portion 
of  the  hfismatite  is  brought  from  Nassau  and  elsewhere.  Both  white  and 
grey  pig-iron  of  good  quality  are  produced,  as  well  as  spiegeleisen ;  the 
first  being  employed  for  the  production  of  steel  in  the  puddling-fumace 
and  open  hearth,  and  the  two  last  in  the  Bessemer  process.  The  older 
furnaces  were  generally  very  small,  and  were  worked  exclusively  with 
charcoal,  but  since  the  establishment  of  railway  communication  with  the 
coal-fields  of  the  Ruhr  basin,  these  have  been  generally  superseded  by  fur- 
naces of  larger  capacity,  in  which  coke  and  the  hot-blast  are  employed. 
This  has  resulted  in  greater  regularity  both  in  the  quantity  and 
quality  of  the  metal  produced,  in  addition  to  which  the  high  temperature 
in  the  region  of  the  hearth,  resulting  from  the  hot-blast,  is  found  to  in- 
crease the  quantity  of  manganese  reduced. 

The  state  of  oxidation  in  which  manganese  exists  in  the  ore  also  exer- 
cises considerable  influence  on  the  amount  of  that  metal  contained  in  the 
pig-iron  made ;  when  spathose  ores  are  employed,  the  resulting  pig-metal 
is  more  highly  manganiferous  than  when  haematites  containing  manganese 
are  made  use  of. 

At  Charlottenhtitte  the  charges  for  spiegeleisen  have  the  following 
composition : — 
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Cwts. 
RoMted  spAthic  ores    .        .  28  '8  |  yielding  ii  to  45  per  cent,  of 
Raw  brown  basmatite  .  7*2  (  ^  pig-iron. 

„    limestone     .        .        .     9'0 

Total        .        .        .  46  0 
Coke         .         .         .20-0 

The  coke  contains  8  per  cent  of  ash ;  number  of  charges  daily, 
36 ;  produce,  30  tons ;  consumption  of  coke  per  ton  of  metal,  22  to 
23  cwts. ;  number  of  tuyers,  3 ;  back  3  inches,  and  sides  3|  inches, 
diameter.  Temperature  of  blast,  280'  to  300'  C. ;  pressure,  3f  lbs.  per 
square  inch. 

In  the  Musen  district,  spiegeleisen  was  formerly  produced  from  the 
Stahlberg  spathic  ores  without  the  addition  of  flux,  but  since  it  has  been 
customary  to  add  a  certain  amount  of  limestone  the  percentage  of  man- 
ganese in  the  pig-iron  has  been  much  larger  than  previously.  At  the 
Gharlottenhiitte  the  pig-iron  produced  usually  contains  8  per  cent  of 
manganese,  but  this  is  reduced  to  one-half  when  the  blast  is  allowed  to 
fall  from  300'  to  100'  C. 

The  ores  employed  in  South  Staffordshire  are  partly  clay  ironstones 
from  the  Coal-measures  ("native  mine")  and  partly  red  and  brown  haema- 
tites from  North  Staffordshire,  Lancashire,  and  elsewhere ;  the  make  is 
chiefly  grey-pig  for  forge  purposes.  Forge-cinder  is  extensively  employed 
in  the  production  of  common  hot-blast  metal ;  but  the  best  mine  pig  is 
still  made  from  coke  with  cold-blast.  According  to  Mr.  Jones,  this  dis- 
trict annually  consumes  1,746,500  tons  of  ironstone,  and  150,000  tons  of 
forge-  and  mill-cinder.  The  coal  of  South  Staffordshire  belongs  to  the 
non-caking  class,  and  is  used  partly  in  the  raw  state  and  partly  coked ; 
the  coke,  which  is  brittle,  contains  from  4*2  to  4'6  per  cent  of  ash,  and 
from  0 '3  to  0*5  per  cent  of  sulphur.  The  pressure  of  blast  varies  from 
2^  to  3  lbs.  per  square  inch,  and  the  temperature  from  300*  to  330"*  C. ; 
a  small  number  of  furnaces  are  worked  with  cold-blast 

The  flux  is  principally  Silurian  and  Carboniferous  limestone ;  the 
average  consumption  of  coal  per  ton  of  metal  made  is,  in  hot-blast  fur- 
naces, 55  to  60  cwts.,  and  in  cold-blast  from  60  to  70  cwts.,  or  rather  its 
equivalent  in  coke.  In  addition  to  this,  2  cwts.  of  coal  are  necessary  for 
the  calcination  of  the  ores,  and  from  15  to  22  cwts.  are  required  in  the 
hot-blast  stoves,  as  the  waste  gases  escaping  from  the  throat  of  the  fur- 
nace are  but  seldom  utilised  in  the  district.  The  produce  of  the  furnace 
is  from.  120  to  150  tons  weekly,  although  some  of  the  largest  yield  from 
180  to  250  tons  of  metal  per  week. 

The  furnaces  of  the  Cleveland  district,  which  are  remarkable  for  their 
large  dimensions,  are  worked  entirely  with  the  hard  compact  coke  from 
South  Durham,  containing  from  4  to  10  per  cent  of  ash  and  from  ^  to  1 
per  cent,  of  sulphur.  The  ores  treated  are  principally  the  argillaceous 
carbonates  of  the  district,  to  which  a  little  red  hiematite  is  sometimes 
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added.    It  contains  from  26  to  33  per  cent  of  metallic  iron,  which  is 
increased  to  37  or  40  per  cent  by  calcination. 

The  flux  is  limestone,  derived  chiefly  from  the  Pennine  range,  con- 
taining, in  its  raw  state,  from  87  to  96  per  cent,  of  calcium  carbonate. 

In  order  to  produce  a  ton  of  grey  foundry-pig  from  Cleveland  iron- 
stone without  admixture  of  foreign  ores  or  of  mill-cinder,  from  19  to  28 
cwts.  of  coke  and  from  10  to  14  cwts.  of  limestone  are  required ;  the 
amomit  in  each  case  varying  in  accordance  with  the  quality  of  the  ore 
and  fuel,  and  the  regularity  of  the  working  of  the  furnace,  &c 

In  one  of  the  furnaces  at  Newport,  near  Middlesborough,  described 
by  Sir  K  Samuelson  in  a  paper  read  before  the  Institution  of  Civil 
Engineers,  the  average  consumption  of  fuel,  excluding  the  six  weeks 
immediately  after  blowing-in,  was  20 '35  cwts.  per  ton  of  iron  produced  ; 
the  minimum  quantity  used  in  any  one  week  18*78  cwts.,  and  the 
maximum  quantity  22*12  cwts.  per  ton  of  iron.  The  average  quantity 
of  calcined  ironstone  used  was  46*11  cwts.  per  ton  of  iron,  the  minimum 
quantity  used  in  any  one  week  44*16  cwts.,  and  the  maximum  quantity 
48*04  cwts.  per  ton  of  iron.  The  average  quantity  of  limestone  employed 
was  10*71  cwts.,  the  minimum  quantity  in  any  one  week  1035  cwts., 
and  the  maximum  quantity  11*26  cwts.  per  ton  of  iron  made.  The 
average  weekly  production  of  pig-iron  was  430  tons,  and  the  maximum 
466  tons,  but  the  produce  per  furnace  was  subsequently  increased  to 
500  tons.  This  furnace  is  85  feet  in  height,  25  feet  in  diameter  at  the 
boshes,  and  has  a  capacity  of  30,000  cubic  feet ;  the  consumption  of  fuel 
and  flux,  in  proportion  to  the  production,  is  about  15  per  cent  less  than 
that  in  four  other  furnaces  erected  in  1863-64,  of  which  the  internal 
capacity  is  only  16,000  cubic  feet.  Three  furnaces  erected  at  South 
Bank,  in  Cleveland,  in  1854,  have  each  a  capacity  of  5,079  cubic  feet, 
and  consume  from  32  to  40  cwts.  of  coke,  and  from  14  to  15  cwts.  of 
limestone  to  the  ton  of  iron;  the  weekly^ production  varies  from  120 
to  160  tons. 

Among  the  largest  furnaces  in  Cleveland  are  two  at  Ormesby.  No.  1 
ia  90  feet  high,  28  feet  broad  in  the  boshes,  23  feet  at  the  top,  10  feet 
in  the  hearth,  and  of  33,400  cubic  feet  capacity.  No.  2  is  of  the  same 
height,  but  only  28  feet  in  the  boshes ;  but  as  these  are  lower  down,  the 
capacity  is  somewhat  larger,  or  35,051  feet ;  the  hearth  is  only  8  feet  in 
diameter.  It  was  found  that  these  furnaces  worked  better,  giving  a 
larger  production,  with  a  smaller  proportional  consumption  of  fuel,  when 
the  overhang  of  the  tuyers  in  the  hearth  was  reduced  so  as  to  give  a 
greater  distance  between  their  end&  Thus  with  6  feet  distance  the  con- 
smnption  was  19*94  cwts.  of  coke  per  ton  of  No.  3  pig-iron,  but  when 
the  distance  was  increased  to  7  feet  4  inches  the  fuel  was  reduced  to 
19*75  cwts.,  and  when  the  blast  was  heated  to  1,465**  F.  to  18*67  cwts. 
No  perceptible  improvement  was,  however,  obtained  when  the  distance 
was  inmased  to  8  feet.  The  weekly  make  under  the  latter  condition 
was  566  tons.     A  smaller  furnace  of  20,000  feet  capacity,  which  made 
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463  tong  with  603  tons  of  coke,  with  the  tujers  6  feet  apart,  was  brought 
up  to  599  tons,  with  630  tons  of  coke,  by  increasing  their  distance  to 
7  feet|  the  blast-temperature  being  increased  from  1,321*"  to  1,430°  F.  at 
the  same  time. 

The  most  productive  furnaces,  as  regards  their  weekly  make  of  pig- 
iron,  are  those  treating  the  rich  hematites  of  Lancashire  and  Cumberland. 
In  the  earlier  days  of  the  Barrow  district,  furnaces  56  feet  in  height  and 
16^  feet  diameter  at  the  boshes,  with  a  cubic  capacity  of  9.500  feet,  re- 
quired, according  to  Jordan  (1864),  the  following  materials  for  the  pro- 
duction of  one  ton  of  pig-iron : — 

Cwta. 
Red  hsematite,  unroastMi   .        .  34  to  84  i 
Coke  from  Durham    .         .         .  18  to  181 

Limestone 6| 

Slack  for  stoves 8 

The  gases  were  generally  collected,  and  exclusively  employed  in  firing 
steam-boilers.  About  7,000  cubic  feet  of  blast,  heated  to  360°  C,  were 
supplied  per  minute  through  six  3-inch  tuyers,  at  a  pressure  of  2^  Ibe. 
per  square  inch.  Under  these  conditions  the  maximum  production 
appears  to  have  been  at  the  rate  of  about  630  tons  weekly,  but  the 
average  produce  did  not  exceed  575  tons. 

Most  of  the  furnaces  of  this  district  have  now  been  raised  to  70  or 
80  feet  in  height,  fire-brick  stoves  have  been  erected  in  place  of  those 
with  iron  pipes,  and  the  make  has  been  brought  up  to  700  or  800  tons 
per  week.  The  average  production  of  all  the  West  Coast  furnaces  in 
1885  was  548  tons  per  week.  At  Consett  800  tons  per  week  are  made 
in  furnaces  55  feet  by  20  feet,  with  Whitwell  stoves,  smelting  Bessemer 
pig-irou  from  haematite,  with  19^  cwts.  of  coke  per  ton  of  metaL 

The  furnace,  figs.  52  and  53,  when  newly  started  in  1872,  made  300 
tons  per  week,  with  a  consumption  of  26  cwts.  of  Lancashire  coke  per  ton 
of  metal ;  blast,  7,760  cubic  feet  per  minute,  at  a  temperature  of  425"^  C, 
and  pressure  of  4  lbs.  per  square  inch. 

The  charge  containing,  on  an  average,  50  per  cent,  of  metal,  was 
made  up  as  follows  : — 


Red  haematite      . 

.    2  parts. 

Irish  ore      .        .        . 

.     1  part. 

Spanish  ore,  Bilbao      . 

.     1  part 

Staffordshire  red  mine . 

.    2  parts. 

Purple  ore    . 

.     Ipart 

The  purple  ore,  obtained  from  various  works  in  the  neighbourhood  at 
which  copper  is  extracted  by  the  wet  process  from  burnt  Spanish  pyrites, 
contains,  on  an  average,  67  per  cent  of  metallic  iron. 

At  Bochum,  in  Westphalia,  Bessemer  iron  is  smelted  from  mixtures  of 
Bilbao,  Algerian,  Swedish  and  Nassau  magnetite  and  haematite,  and  Siegen 
spathic  ore,  with  a  very  pure  coke  containing  only  4  8  per  cent  of  ash. 
The  furnaceS;  72  feet  by  20  feet,  of  about  15,000  cubic  feet  capacity. 
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ire  supplied  with  600  cubic  feet  of  blast  per  minute,  heated  in  WhitT>-ell 
stoves  to  700°  or  780°  C.  The  average  production  is  123  tons  of  pig-metal 
daily  per  furnace,  with  a  consumption  of  20*4  cwts.  of  fuel  per.  ton. 

Coal  in  the  Blast-Fumace. — The  principal  ores  employed  in  the 
Welsh  blast-furnaces  are  "  native  mine,"  chiefly  argillaceous  carbonates 
with  some  blackband ;  brown  haematites  from  Llantrissant,  Forest  of 
Dean,  Northamptonshire,  and  Spain ;  red  hffimatite  from  Cumberland, 
with  occasionally  a  little  from  the  Island  of  Elba,  and  spathic  car- 
bonates from  Somersetshire. 

In  the  eastern  district  the  fuel  employed  is  partly  coal  and  partly 
coke,  the  latter  being  exclusively  used  in  furnaces  working  on  cold-blast. 
In  the  neighbourhood  of  Swansea  a  small  number  of  furnaces  are  worked 
with  anthracite.  Forge-  and  mill-cinders  are  largely  used  in  the  produc- 
tion of  white  forge-pig. 

According  to  Truran,  some  thirty  years  ago,  the  foundry-iron  furnace 
at  the  Dowkis  Works  had  a  capacity  of  about  7,500  cubic  feet,  and  was 
blown  with  a  blast  of  5,390  cubic  feet  of  air  per  minute.  For  every  20 
cwts.  of  crude  iron  obtained,  48  cwts.  of  calcined  ore,  50  cwts.  of  coal, 
and  17  cwts.  of  limestone  were  required.  The  weekly  production  of  iron 
was  about  130  tons. 

The  consumption  of  materials  per  week  was  as  follows : — Calcined 
ore,  312  tons ;  coal,  325  tons;  limestone,  110^  tons;  air  supplied  weekly 
by  the  tuyers,  1,695  tons. 

For  the  production  of  white-iron  for  the  forge,  in  furnaces  of  similar 
capacity  to  the  foregoing,  a  larger  amount  of  blast  with  a  different  burden 
was  employed. 

The  consumption  of  solid  materials  to  a  ton  of  crude  iron  averaged 
28  cwts.,  calcined  argillaceous  ore,  10  cwts.,  haematite,  10  cwt&,  forge-  or 
refinery-cinder,  42  cwts.  of  coal,  and  14  cwts.  of  limestone,  with  a  volume 
of  7,370  cubic  feet  of  blast  per  minute  ;  the  weekly  production  of  crude 
iron  was  170  tons.  In  this  case  the  consumption  of  solid  materials 
per  week  was  884  tons,  and  the  weight  of  air  injected  by  the  blast 
2,318  tons. 

For  the  production  of  iron  of  inferior  quality  for  the  forge,  the  burden 
was  composed  of  the  following  materials: — Haematite,  16  cwt&,  reiinery- 
cinder,  25  cwts.,  coal,  36  cwts.,  and  limestone,  16  cwts.  per  ton  of  crude 
iron.  The  capacity  of  the  furnace  and  the  volume  of  the  blast  were  the 
same  as  in  the  last  instance.  From  this  furnace  a  weekly  production  of 
190  tons  of  crude  iron  was  sometimes  obtained,  the  consumption  of  solid 
materials  being  883  ton&  The  estimated  time  of  the  descent  of  a  charge 
was  from  forty  to  forty-six  hours. 

At  the  same  works  in  1863,  the  consumption  of  coal  per  ton  of 
mine  pig,  from  variable  mixtures  of  argillaceous  ore  and  brown  and 
red  hematite,  had  been  reduced  to  from  23  to  27  cwts.  ;  the  make 
of  the  furnace  ranging  from  172  to  280  tons  per  week.  The  larger 
production,  in  relation  to  the  amount  of  fuel  consumed,  chiefly  resulted 
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from  the  greater  richness  of  the  chaise  arising  from  the  larger  amount 
of  red  ore  used. 

The  newer  furnaces  are  considerably  larger  than  those  formerly 
employed,  and,  when  working  on  white- iron,  their  production  ranges 
from  250  to  300  tons  weekly.  The  use  of  the  cup-and-cone  charger  is 
now  general,  the  waste  gases  are  economised,  and  hot-blast  is  employed. 

The  Scotch  furnaces  each  produce,  on  an  average,  about  200  tons  of 
pig-iron  weekly ;  but  in  the  blackband  districts  it  is  said  to  be  sometimes 
as  high  as  270  tons. 

At  Irthlingborough  Iron- Works,  Northamptonshire,  furnaces,  55  feet 
by  18,  with  7  feet  hearth,  and  9,025  cubic  feet  capacity,  make  342 
tons  weekly,  smelting  Northamptonshire  ore  in  the  proportion  of  four 
parts  of  raw  to  one  part  calcined,  with  an  average  produce  of  40  per  cent. 
The  fuel  used  is  about  one-half  hard  Derbyshire  and  Yorkshire  coal,  three* 
tenths  soft  coke,  and  one-fifth  hard  Durham  coke,  the  consumption  being 
at  the  rate  of  23*13  cwts.  per  ton,  besides  1*5  cwt.  of  slack,  used  for 
boilers  and  calcining.  The  average  burden  is  50  cwts.  raw  ore,  8*33  cwts. 
calcined  ore,  and  14*13  cwts.  oolitic  limestone  per  ton. 

Anthrcudte  Fumucea,  &c, — Anthracite  is  employed  for  the  production 
of  pig-iron  in  South  Wales  and,  to  a  much  greater  extent,  in  the  United 
States  of  America. 

Anthracite  is  liable  to  decrepitate  when  strongly  heated,  and  some 
varieties,  when  suddenly  exposed  to  a  high  temperature,  become  reduced 
to  a  state  of  absolute  dust  In  furnaces  in  which  anthracite  is  the  fuel 
made  use  of,  the  accumulation  of  these  small  particles  sometimes  be- 
comes so  great  as  to  materially  obstruct  the  passage  of  the  blast.  When 
this  takes  place  it  is  usual  to  cease  charging  and  to  continue  the  blasts 
when,  as  the  solid  materials  descend,  the  fine  particles  of  anthracite  are 
blown  away.  A  greater  difficulty,  however,  experienced  in  the  use  of 
anthracite,  arises  from  the  running  together  of  the  slag  and  decrepitated 
particles  of  fuel  into  infusible  masses,  which  are  liable  to  cause  the 
furnace  to  become  obstructed. 

In  the  year  1863  the  anthracite  furnaces  at  Yniscedwin,  South  Wales, 
were  from  25  to  30  feet  only  in  height,  since  a  low  stack  is  less  liable 
than  a  high  one  to  become  obstructed  by  the  small  particles  of  fuel 
resulting  from  decrepitation. 

Other  anthracite  furnaces  in  the  same  district  were  from  36  to  40  feet 
in  height,  and  were  blown  at  a  pressure  of  from  4  to  6  lbs.  per  square 
inch,  with  air  belated  to  from  320°  to  450""  C.  The  consumption  of  air 
amounted  to  6,000  cubic  feet  per  minute,  the  weekly  production  was  80 
tons,  and  the  consumption  of  anthracite  2^  tons  for  each  ton  of  pig-iron. 

The  anthracite  furnaces  of  Pennsylvania  are  worked  with  a  large 
number  of  tuyers  and  with  a  pressure  of  blast  varying  from  6^  to  7^  lbs. 
per  square  inch.  The  ores  treated  are  usually  massive  magnetites  and 
hiematites,  containing  from  50  to  60  per  cent  of  iron. 

According  to  Mr.  J.  M.  Hartmann,  the  newest  type  of  anthracite 
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furnace  in  the  United  States  is  75  feet  high,  70  feet  to  the  top  of  the 
column  of  materials  or  8iock4ine^  31  feet  to  the  top  of  the  boshes,  and  6 
feet  to  the  tnyers;  the  corresponding  diameters  being  17  feet  at  the  stock- 
line,  18  feet  in  the  boshes,  and  10  feet  8  inches  in  the  hearth.  The 
charging  is  effected  by  two  concentric  bells  6  and  11  feet  in  diameter, 
which  distribute  the  charge  upon  two  rings  rospectiyely  4  and  11  feet 
in  diameter.  The  watei^cooled  dnder-notch  is  3  J  feet  aboye  the  hearth 
bottom,  and  2\  feet  below  the  tnyers.  The  latter  overhang  10  inches, 
leaving  a  clear  space  between  their  ends  on  opposite  sides  of  9  feet. 
The  hearth  walls  are  24  inches  thick,  aiid  are  completely  surrounded  by 
a  water-jacket,  which  extends  from  8  inches  below  the  hearth  bottom  to 
9  feet  above  the  tuyers.  The  effective  volume  of  blast  is  14,400  cubic 
feet  per  minute,  at  a  pressure  of  4  to  8  lbs.,  and  is  heated  to  850"*  F.,  if 
pipe-stoves  are  used,  or  to  1,200*  F.  in  brick  stoves.  Seven  tuyers  of 
4}  inches  diameter  are  used.  The  coal  is  supplied  in  lumps  4  inches 
cube.  Owing  to  the  tendency  of  anthracite  to  decrepitate  and  crumble 
when  strongly  heated,  it  is  necessary  to  have  great  reserve  of  blowing 
power,  and  at  times  a  pressure  of  20  lbs.  may  be  required  to  overcome 
the  resistance  of  the  mixed  dust  of  ore,  limestone,  and  fuel,  which  forms 
at  the  sides  of  the  furnace,  and  must  be  removed  through  the  tuyer-holes. 
A  vety  broad  hearth  is  also  essential  in  order  to  allow  space  for  the 
oxidizing  action  of  the  air  upon  the  fuel.  Anthracite  shows  but  little 
tendency  to  reduce  carbonic  acid  in  its  passage  through  the  furnace,  and 
therefore  the  fuel  charged  arrives  at  the  tuyers  almost  unchanged. 
When  smelting  siliceous  limonites  of  43  per  cent.,  and  magnetites  of  54 
per  cent  produce,  in  the  proportion  of  |  of  the  former  to  f  of  the  latter 
with  a  dolomitic  flux,  the  average  results  obtained  were : — 


Coal  per  ton  of  iron  (Noa.  1  and  2) 

.     28  cwto. 

Ore            n            »»            »i             •         • 

.     474    ,. 

ri«x       „         „         H          .      . 

.     26J    „ 

With  blast  at  850**  F.  the  maximum  weekly  make  was  600  tons,  but 
with  fire-brick  stoves  at  1,200^  F.  the  coal  is  reduced  to  24  cwts.,  and  the 
out-put  increased  about  20  per  cent.  The  temperature  of  the  escaping 
gases  averages  about  250"*  F.  Rapid  driving  is  of  great  importance  in 
anthracite  smelting,  in  order  that  the  fuel  may  be  brought  to  the  tuyers 
with  as  much  as  possible  of  its  occluded  gases,  since  otherwise  it  is  very 
difficult  of  combustion.  The  breadth  of  the  hearth  is  also  a  factor  of 
great  importance.  Thus  a  furnace  20  feet  in  the  boshes  with  a  7-feet 
hearth  made  only  350  tons  weekly,  but  was  brought  up  nearly  to  600 
tons  weekly  by  enlarging  the  hearth  to  10  feet 

The  same  principle  of  obtaining  a  large  out-put  from  a  furnace  by  the 
oae  of  a  very  large  volume  of  blast  is  now  adopted  at  many  works  in  the 
United  States,  smelting  haematite  ores  with  coke  for  Bessemer  pig-iron. 
At  the  South  Chicago  furnaces,  which  are  20  feet  wide  in  the  boshes, 
11  feet  in  the  hearth,  and  15  feet  4  inches  at  the  top,  with  a  total  height 
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of  75  feet,  and  15,000  cubic  feet  capacity,  209  tons  of  metal'  are  cast 
daily  from  a  mixture  of  ores  averaging  63-75  per  cent,  of  iroa  Each 
furnace  haa  three  60  x  21  feet  Whitwell  stoves,  heating  the  blast  to 
1,450*  F.  The  blowing  power  is  very  large,  namely,  two  84-inch  cylin- 
ders, 4^  feet  stroke,  running  at  a  speed  of  252  feet  per  minute,  and 
delivering  19,320  cubic  feet  of  air  per  minute  at  6  lbs.  pressure,  reduced 
to  4  lbs.  at  the  tuyers.  The  latter  are  seven  in  number,  and  7  inches 
in  diameter.     The  average  charges  are,  per  ton  of  pig  made — 

Ore Slfcwte. 

Limestone ^k     it 

Coke  (11*61  per  cent  ash)    .         .        .        .     16|     „ 

The  weight  of  blast  per  ton  averages  62|  cwts.,  and  that  of  the  wast« 
gases  86 {  cwts. ;  the  latter  contain  carbonic  oxide  in  the  ratio  of  46 
volumes  to  100  volumes  of  carbonic  acid.  Their  average  temperature 
was  480'  F.  when  the  blast  was  at  1,375*  F.  The  work  done  by  the 
blowing-engine  is  508  HP.,  and  about  half  as  much  more  power  is  re- 
quired to  work  hoisting-  and  pum ping-engines. 

The  largest  out-put  from  any  single  furnace  was  obtained  at  the  Lucy 
No.  2  furnace  at  Pittsburg,  which  has  produced  346  tons  in  one  day, 
1,975  tons  in  a  week,  and  8,035  tons  in  a  month.  This  is,  however, 
considered  to  be  too  high  a  speed,  and  less  advantageous  than  that  given 
above, 

Spiegeleisen  is  made  at  Newark,  New  Jersey,  from  residues  obtained 
in  the  treatment  of  a  mixture  of  red  zinc  ore,  franklinite,  and  willemite, 
from  the  production  of  zinc  oxide  to  be  employed  as  a  pigment.  The 
residue  from  the  furnaces  in  which  the  volatilization  of  zinc  is  effected  is 
a  black  cindery  mass,  containing  the  whole  of  the  iron  and  manganese  of 
the  franklinite,  and  the  silica  of  the  willemite,  together  with  some  oxide 
of  zinc  It  is  estimated  to  contain  about  25  per  cent  of  iron,  and  is 
smelted  with  anthracite  in  furnaces  of  small  dimensions.  Their  height 
is  usually  only  20  feet,  and  their  diameter  at  the  boshes  7  feet ;  the  blast 
is  introduced  at  a  temperature  of  200°  C,  and  with  a  pressure  of  4  lbs. 
per  square  inch ;  limestone  is  employed  as  flux,  and  the  weekly  make  is 
about  25  tons.  The  waste  gases  are  consumed  in  stoves  for  heating  the 
blasts  but  before  they  can  be  thus  employed  the  oxide  of  zinc,  resulting 
from  the  oxidation  of  that  metal  still  retained  by  the  residues,  and 
volatilized  in  the  furnace,  requires  to  be  separated  by  a  system  of 
wrought-iron  condensers.  This  oxide  is  from  time  to  time  removed, 
and  not  being  sufficiently  pure  to  admit  of  being- employed  as  painty  is 
sent  to  spelter  furnaces  for  reduction.  The  consumption  of  fuel  is  at  the 
rate  of  3}  tons  per  ton  of  pig-iron  produced. 

Ferro-Manganese. — In  the  production  of  ferro-manganese  the  highest 
attainable  temperature  is  required  in  the  hearth  of  the  furnace,  the 
charges  should  be  kept  as  free  as  possible  from  silica,  and  the  slags  must 
be  basic  without  containing  a  large  excess  of  lime.     In  this  case,  there* 
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fore,  magnesia  is  useful,  and  for  the  most  manganiferous  metal  Imrytes 
and  fluor  spar  are  sometimes  added.  The  proportion  of  manganese  in 
the  slag  may  be  about  8  per  cent,  of  MnO  for  20  per  cent,  spiegel,  15 
per  cent,  for  70  per  cent.,  and  from  17  to  20  per  cent,  for  80  per  cent 
ferro-manganese.  It  is  important  not  to  push  the  reduction  of  man- 
ganese too  far,  as  the  slags  then  become  too  calcareous,  and  silicon  is 
reduced,  presenting  the  satisfactory  formation  of  spiegel. 

There  is  also  a  notable  proportion  of  manganese  lost  by  volatilization, 
which,  together  with  the  zinc  oxide  and  alkalies  in  the  ore,  are  carried 
over  by  the  gases,  and  may  be  very  destructive  to  the  fire-brick  stoves  if 
not  previously  passed  through  a  washer  or  dust-catcher. 

At  Terre-Noire,  where  the  first  high  ferro-manganese  was  made,  fol- 
lowing Henderson's  practice  in  making  the  same  alloy  in  the  Siemens 
furnace,  the  hearth  was  built  of  bricks  moulded  in  gas  carbon.  These  are 
found  to  be  more  durable  than  fire-bricks,  and  may  be  easily  kept  cool 
by  watering  the  outside,  since  the  thermal  conductivity  of  carbon  is  about 
twelve  times  that  of  fire-clay.  By  using  blast  at  750**  C.  and  rich  ores, 
metal  with  more  than  80  per  cent,  of  manganese  may  be  obtained.  A 
practical  rule  for  fluxing  is  to  give  twice  as  much  lime  and  one-half  as 
much  baryta  as  there  is  silica  present  in  the  ore  and  fuel.  At  Terre- 
Koire  the  charges  for  82  per  cent,  metal  were  as  follows : — 

Huelva  ores,  pyroliuite  9*6  cwts.t  containing  028  cwts.  Fe.,  6*04  cwts.  Mn. 


Almeria  „            „        40      „ 
Tafna      „    hematite  0  4       „ 

„        0-06         „ 
M        0-22         „ 

2*00 

14owt8. 

Limestone        •        «    4*4 
Sulphate  of  barium       1*2, 

0-56 
25  per  cent  loes  in  slag  . 

Manganese    . 

Iron 

Carbon  and  silicon 

704 
1-76 

6-28 
•66 

•4  A 

10-A 

6-30 
Yield  of  ore,  45  per  cent. ;  of  charge,  32  per  cent 

The  furnace  was  blown  with  two  3|-inch  tuyers,  with  blast  at  2^  lbs. 
pressure,  heated  to  680°  to  750*  C,  being  driven  at  only  half  the  speed 
required  for  Bessemer  pig-iron.  The  daily  make  was  lOf  tons,  averaging 
from  81  to  85  per  cent  manganese,  with  a  consumption  of  54  cwts.  of 
coke  per  ton.  The  proportion  of  manganese  reduced  varied  from  70  to 
79  per  cent.  The  gas  of  a  furnace  working  on  high  ferro-manganese  is 
of  low  heating  power,  as  the  oxygen  given  ofl*  by  the  ore  when  firat  heated 
burns  carbonic  oxide  to  waste  in  the  throat  of  the  furnace.  Thus  in 
making  60  per  cent  ferro-manganese,  the  gas  only  contained  5'5  of 
carbonic  oxide  to  30  per  cent  of  carbonic  acid,  and  was  practically  in- 
combustible. Subsequently  about  10  per  cent  of  bituminous  coal  was 
added  to  the  coke  to  furnish  gas  for  the  boilers.  This  inconvenience 
way  be,  to  some  extent,  remedied  by  previously  exposing  the  manganese 
ore  to  a  low  heat  in  a  calcining-fumace,  which  reduces  Mn02  to  Mxifi^. 
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When  the  zinciferous  ore  of  Cartagena  is  used,  hard  deposits  form  in 
the  gas-flues,  which  must  be  cleaned  out  at  intervals  of  about  seven 
days.  These  consist  essentially  of  oxide  of  zinc,  the  average  metallie 
contents  being  manganese  3*34,  zinc  63*40,  iron  1*56  per  cent  The  dust, 
on  the  other  hand,  is  much  richer  in  manganese,  containing  manganese 
23,  iron  6,  and  zinc  1*36  per  cent  It  is  also  remarkable  as  containing 
11  per  cent  of  baryta,  mainly  as  silicate,  which  shows  that  the  sulphate 
of  barium  in  the  flux  is  entirely  decomposed  before  reaching  the  hearth. 
Ko  portion  of  the  sulphur  is  taken  up  by  the  metal,  it  being  mainly 
eliminated  as  sulphides  of  calcium  and  manganese  in  the  slags,  and  to  a 
smaller  extent  as  sulphurous  acid  in  the  gases. 

High  ferro-manganese  oxidizes  very  readily,  and  it  is  therefore 
necessary  to  stop  the  blowing-engine  when  casting,  otherwise  there  may 
be  a  notable  difference  in  the  percentage  between  the  first  and  last  beds 
of  the  cast  Very  hot  blast  is  not  necessary  in  making  ferro-manganese 
if  the  use  of  siliceous  ores  be  avoided  and  the  slags  be  rendered  suffi- 
ciently basic  with  lime. 


Heat  Absorbed  for  Work  Done  in  Blast-Furnaces. 

The  chemical  phenomena  of  the  blast-furnace  have  been  very  com- 
pletely examined,  both  analytically  and  experimentally,  by  many  observers, 
among  whom  Sir  L  L.  Bell,  Ritter  P.  v.  Tunner,  the  late  Professor 
Gruner,  and  Professor  R.  Akerman  may  be  more  particularly  mentioned 
for  the  importance  of  their  contributions  to  this  subject  The  works  of 
Sir  I.  L.  Bell,  the  titles  of  which  are  given  below,^  should  be  consulted 
by  the  reader  desiring  fuller  information  on  this  subject,  which  can  only  be 
here  noticed  in  a  general  way.  The  work  of  the  furnace  consists  chiefly  in 
the  reduction  of  the  ore  in  its  descent  by  successive  steps  from  ferric  oxide, 
through  magnetic  oxide,  and  ferrous  oxide  into  metallic  iron,  by  car- 
bonic oxide  produced  from  the  direct  combustion  of  fuel  in  the  hearth 
with  heated  air.  The  accessory  reduction  of  the  oxides  of  manganese, 
phosphorus,  sulphur,  and  silicon,  which,  under  certain  conditions,  com- 
bine with  the  reduced  iron,  can  only  be  effected  by  contact  with  solid 
carbon,  and  therefore  takes  place  chiefly  in  the  lower  region  of  the  furnace 
below  the  boshes.  Other  operations,  requiring  heat  only,  are  the  expul- 
sion, in  the  higher  parts  of  the  furnace,  of  water  from  hydrates  and 
moist  ores,  and  of  carbonic  acid  from  the  flux ;  also,  where  raw  coal  is 
used,  its  conversion  into  coke,  and  the  fusion  of  metal  and  slag  in  the 
hearth.  A  notable  portion  of  the  heat  is  carried  off  by  the  escaping 
gases,  and  lesser  amounts  by  the  tuyer-water  and  by  radiation  from  the 
furnace  walls.  According  to  Sir  I.  L.  Bell,  the  I'elative  ealoriflc  import- 
ance of  these  factora  may  be  estimated  as  follows  in  smelting  Cleveland 

1  *  Chemical  Phenomena  of  Iron-Smelting : '  London,  1872.    *  Prinoiples  of  the  Mann* 
faoture  of  Iron  and  Steel : '  London,  1884. 
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iron  ore  for  No.  III.  pig,  under  the  ordinary  conditions  of  working,  and 
producing  28  cwts.  of  slag  per  ton  of  metal.  The  figures  are  expressed 
in  20  weight  units  (either  kilogrammes  or  cwts.),  and  the  corresponding 
heat  units  in  Centigrade  degrees. 


Rednction  of  FesOs  to  Fe  .        • 
Garbarising  redaced  iron    . 
Evftporation  of  wftter  in  ooke 
Redaction  of  PsOs.  SOi^  and  SiOs 
Fusion  of  pig-iron 
Calcination  of  flux     . 
Rednction  of  COa  of  flux  to  CO  .  * 
Decomposition  of  water  in  blast 
Fusion  of  slags  .... 


Weight 

Heat  UniU 

Total  Heat 

ill  Cwts. 

per  Cwt. 

UniU. 

18-60 

1.780 

88,108 

•60 

2,400 

1,440 

0-68 

513 

818 

8,600 

20-00 

880 

6,600 

11-00 

870 

4.070 

1-82  0 

8,200 

4,224 

005  H 

84,000 

1,700 

27-92 

550 

15,866 

70,821 

Transmission  through  walls  of  furnace 8,600 

Carried  off  in  tuyer- water 1,800 

FiTp»nsion  of  blast,  transniitted  to  ground,  &c        .        .        .        .      8,880 


79,110 
Carried  off  by  gases 7,900 


Total  heat  requirements  per  20  cwts 87,010 

The  heat  required  for  these  different  operations  is  derived  from  two 
sources,  the  larger  part  being  developed  by  the  combustion  of  fuel  in  the 
hearth,  and  the  remainder  introduced  by  the  hot-blast.  As  regards  the 
former,  it  is  not  possible  to  oxidize  the  carbon  of  the  fuel  beyond  the 
ratio  of  two  CO  to  one  CO,  ^  in  the  waste  gas,  under  which  condition  the 
heat  developed  is  ^  8,000  +  }  2,400  or  4,266  units  per  unit  of  carbon ; 
or,  assuming  the  fuel  to  contain  10  per  cent,  of  volatile  and  incombustible 
matters,  0-9  x  4,266  =  3,840  units  per  unit  of  coke.  If  the  blast  is 
heated  to  1,004''  F.  or  540''  C,  the  heat  introduced  may  be  estimated 
at  12,000  units,  leaving  75,000  units  to  be  provided  by  the  combustion 
of  coke,  which,  on  the  estimate  above  given,  corresponds  to  19*53  cwts. 
This  supposes  the  weight  of  blast  to  be  about  five  times,  and  that  of  the 
waste  gases  nearly  seven  times  that  of  the  iron  made.  Under  these  con- 
ditions, which  are  somewhat  more  favourable  than  those  realized  in  the 
most  advantageous  working  on  the  largo  scale,  about  86  per  cent  of  the 
heat  is  furnished  by  the  fuel,  and  14  per  cent,  by  the  blast;  the  latter 
l)eing  derived  from  the  combustion  of  the  waste  gases,  which  furnish 
a  further  amount  of  heat,  estimated  at  28,000  units,  for  raising  steam  for 
the  blast,  lift,  and  pumping-engines  required  in  working  the  furnace, 
while  about  11,000  units  are  available  for  other  purposes.  As  the  total 
heat  obtainable  by  the  oxidation  of  the  coke  to  COj  is  about  150,640 
units,  while  that  usefully  accounted  for  is  about  110,000  units,  tho 
thermal  efiiciency  realized  is  about  74  per  cent,  or  considerably  higher 

^  This  is  explained  by  the  fact  that  oarbonio  oxide  has  no  reducing  efficiency  when 
<lilQteil  bejond  this  extent  with  carbonic  acid,  at  the  temperature  prevailing  at  the  top 
of  the  furnace. 
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than  that  of  any  other  industrial  process  for  whicli  high  temperatures  are 
required. 

In  the  table  given  at  p.  271  the  items  concerned  in  the  reduction  and 
carburization  of  the  metal  may  be  taken  as  constant  for  all  kinds  of 
anhydrous  or  calcined  ores,  while  the  remainder  will  vary  with  the  rich- 
ness of  the  latter  and  the  amount  of  siliceous  atid  earthy  waste  to  be 
fluxed.  Thus  in  the  case  supposed,  the  fusion  of  these  slags  requires 
about  one-sixth  of  the  total  heat  (87,000  units),  while  in  the  South 
Chicago  furnaces,  under  the  conditions  noted  on  pp.  267-8,  making  only 
9*27  cwts.  of  slag  per  ton,  the  proportion  is  reduced  to  one-fourteenth  of 
the  smaller  total  of  70,000  units.  This  difference  is  still  more  apparent 
when  charcoal  is  used,  as  then  the  weight  of  slag  is  reduced  to  that 
strictly  required  for  fluxing  purposes,  the  fuel  being  free  from  sulphur ; 
whereas  in  smelting  even  the  purest  ores  with  coke,  a  notable  quantity 
of  slag  is  necessary  to  prevent  the  iron  becoming  sulphurous,  which  is 
likely  to  happen  if  the  sulphur  in  the  slag  exceeds  2  per  cent.  This 
is,  perhaps,  one  of  the  principal  causes  why  a  smaller  weight  of  fuel  is 
required,  as  compared  with  -coke,  when  charcoal  is  used  for  smelting 
similar  ores ;  but  the  complete  answer  to  this  question  has  still  to  be 
worked  out. 

The  possibility  of  economizing  fuel  by  augmentation  of  the  tem- 
perature of  the  blast  can,  upon  theoretical  grounds,  be  shown  to  be 
strictly  limited,  and  that  after  a  certain  point  no  further  saving  is  likely 
to  be  realized  by  higher  heating  in  the  stove.  Up  to  the  present  time, 
however,  this  point  has  not  been  reached  in  practice,  although  the  margin 
for  saving  is  constantly  diminishing,  the  latest  forms  of  Cowpcr's  stove, 
giving  a  heat  of  1,400°  F.  (760**  C),  having  effected  a  notable  saving  as 
compared  with  those  heating  the  blast  to  1,200°  or  1,300*  F. 

The  quantity  of  fuel  required,  per  unit  of  make,  varies  not  only  with 
the  yield  of  the  ore  and  amount  of  slag,  but  also  with  the  quality  of 
the  metal  produced,  about  10  per  cent,  more  coke  being  required  for 
making  No.  I.  foundry  iron  than  for  No.  III.  The  following  estimate, 
made  by  De  Vathairo,  gives  the  fuel  necessary  per  ton  of  different 
classes  of  metal  smelted  from  ores  of  about  40  per  cent,  produce  : — 

No.  L  foundry  pig  .        .        .24  cwts. 

No.  IL  „  ...  23    „ 

No.  IIL  „  ...  22    „ 

No.  IV.  „  ...  21     „ 

No.  V.  „  ...  20-5  „ 

Mottled  „  ...  20     I, 

White,  crystalline  (Weissstrahl) .  19*5,, 

White,  common .  .        .        .  19    „ 

The  above  are  for  ordinary  pig-irons  ;  when  manganiferous,  0*3  cwt 
per  unit  of  manganese  reduced  must  be  added  to  the  corresponding 
number  in  the  above  table.  Thus  a  20  per  cent,  spiegel  requires  20  x  0*3 
=  6  cwts.  more  than  Weissstrahl,  or  25-6  cwts.,  and  60  per  cent  fcrro- 
tnanganese  50  x  0*3  =  15  cwts.  more  than  No.  III.,  or  37  cwts.  in  all. 
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Conversion  op  Grbt  Cast-Ibon  into  Whitb. — Rbfining. 

This  process,  which  is  now  comparatively  unimportant,  being  used 
only  in  a  few  localities  in  making  special  qualities  of  iron,  was  in  the 
earlier  days  of  puddling  essential  to  the  correct  working  of  the  operation. 
Its  object  is  the  removal  of  silicon  from  grey  pig-metal,  in  order  that  the 
labour  of  the  puddler  and  the  duration  of  the  fining  operation  may  be 
reduced;  but  since  the  introduction  of  iron  bottoms  to  the  puddling 
furnace  and  the  use  of  ferric  oxide  as  fettling,  grey  metal  is  now  generally 
puddled  direct  for  common  bar-iron,  the  extra  consumption  of  materials 
being  more  than  compensated  by  the  saving  of  fuel,  which  is  considerable, 
as  only  the  best  coke  or  charcoal  could  be  used.  Refining  is  now  prin- 
cipally confined  to  forges  making  the  best  brands  of  malleable  iron  in 
Yorkshire,  and  to  tin-plate  forges  in  South  Wales.  A  modification  of 
some  importance  was  introduced  some  years  since  by  Sir  I.  L.  Bell  and 
Baron  Krupp  for  the  improvement  of  phosphoric  pig-iron  for  steel- 
making;  but  this  has  been  abandoned  since  the  development  of  the 
basic  Bessemer  process. 

When  grey  cast-iron  is  fused  in  an  oxidizing  atmosphere,  the  silicon 
present  is  oxidized,  and,  becoming  silica,  unites  with  a  portion  of  the  iron, 
oxidized  at  the  same  time,  to  form  a  fusible  ferrous  silicate.  If  the 
metal  be  now  run  into  moulds  and  suddenly  cooled,  a  peculiarly  white 
iron  is  produced,  which  is  analogous  in  composition  to  that  smelted  from 
pure  ores  at  a  low  temperature,  with  a  heavy  burden  of  material  The 
same  result  may  be  obtained  by  throwing  water  on  the  surface  of  a  bath 
of  molten  metal  and  subjecting  the  thin  plates  thus  obtained  to  the  action 
of  air  at  a  red  heat  during  several  hours ;  this  method  is  employed  in 
various  parts  of  Germany.  The  more  usual  process,  however,  consists  in 
melting  the  metal  with  coke  or  charcoal  in  a  rectangular  hestrtH,  pro- 
vided with  tuyers  more  or  less  inclined,  through  which  air  is  blown  upon 
the  surface  of  the  fused  metaL 

In  this  country  the  refinery-  usually  consists  of  a  strong  cast-iron 
framework,  supporting  a  low  brickwork  chimney,  A,  figs.  78  and  79, 
which  represent,  respectively,  a  transverse  section  and  plan  of  a  refinery 
erected  at  the  Dowlais  Iron- Works.  The  bottom  rests  upon  a  floor  of 
dressed  sandstone,  a,  about  12  inches  in  thickness,  which  is  supported 
upon  a  foundation  of  brickwork  or  masonry.  At  each  side,  and  at  the 
back,  within  the  vertical  frames,  are  fixed  cast-iron  water-blocks,  b, 
while  a  dam-plate,  c,  ^g,  79,  of  the  same  material,  closes  the  front ;  thus 
forming  a  quadrangular  cavity  about  i  feet  square,  inside  measure,  and 
15  to  18  inches  in  depth.  Above  the  side-blocks,  and  resting  on  a  ledge 
cast  for  their  reception,  are  the  tuyer-plates,  d,  about  2^  inches  in  thick- 
ness, provided  with  openings  for  the  insertions  of  water-tuyers,  and 
bolted  at  their  ends  to  the  vertical  framing.  In  front,  resting  on  the 
dam-plate,  it  is  usual  to  have  another  plate,  for  the  convenience  of  filling 
and  working  the  fire.     A  little  above  this,  in  front,  and  also  above  the 
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water-block  in  the  rear,  cast-iron  doors  2}  feet  high  are  hung  to  the  side- 
frames. 

At  a  sufficient  distance  from  the  floor  of  the  refinery,  and  a  little  in 
advance  of  the  dam-plate,  is  placed  the  casting-bed  or  pig-mould,  B.  A 
brickwork  or  cast-iron  cistern,  about  30  feet  long,  4  feet  wide,  and  2  feet 
deep,  is  laid  at  right  angles  to  the  axes  of  the  tuyers,  and  is  slightly 
inclined  from  the  hearth.  On  this  rests  the  casting-bed,  composed  of 
thick  cast-iron  blocks,  6,  3^  feet  square  and  6  to  8  inches  in  thickness. 


Fig.  78.— RefiDory  ;  transverse  section. 

having  flanges  on  each  side  by  which  they  are  supported  on  the  edges  of 
the  cistern  beneath,  and  a  depression  in  the  upper  surface  to  confine  the 
liquid  metal  within  the  desired  limits.  This  cistern  is  filled  to  within 
an  inch  of  the  under  surface  of  the  mould-blocks  with  water,  which  is 
maintained  at  this  level  by  a  small  stream  which  constantly  flows  in  and 
escapes  by  an  overflow-notch.  The  mould-blocks  are  provided  with 
rebated  joints  luted  with  fire-clay,  and  are  maintained  in  close  contact 
with  each  other  by  clamps  fitting  corresponding  snugs  cast  on  the  sides 
of  the  moulds.  %  They  are  often  made  with  a  rib  running  down  the  centre, 
dividing  the  mould  longitudinally  in  two  parts,  so  as  to  reduce  the 
labour  of  breaking  up  the  plate  of  refined  metal. 
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The  blast  is  usually  supplied  through  two  or  three  small  nozzles  oii 
either  side  of  the  hearth,  each  pipe  being  provided  with  a  stop-valve,  </, 
for  regulating  the  quantity.  The  connection  between  the  movable  nozzles, 
/,  and  fixed  supply-pipes  may  be  made  either  by  means  of  short  leathern 
hose  ^tened  at  their  ends  by  screw-clamps,  or  by  ball-and-socket  joints, 
h  ;  the  former  method  is  the  cheaper,  but  the  latter  the  more  durable. 

Refineries  are  also  sometimes  constructed  with  a  single  nozzle  at  the 
back,  in  which  case  the  framework,  water-blocks,  moulds,  and  all  the 


Fig.  79.—- Befiuexy ;  plan. 


other  parts  are  made  much  lighter,  and  the  fire-place  is  of  smaller  dimen- 
sions. They  are  often  distinguished  as  melting-down  and  running-in 
i^fineries ;  cold  pigs  from  the  blast-furnace,  old  castings,  scrap,  &c,  are 
melted  in  the  former,  while  liquid  metal  is  allowed  to  flow  into  the  latter 
directly  from  the  furnace. 

The  melting-down  refinery  is  usually  placed  in  a  building, at  some 
distance  from  the  blast-furnace,  while  the  running-in  refinery  is,  on  the 
contrary,  generally  built  immediately  contiguous  to  it  \  this  method  of 
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working,  which  effects  a  considerable  saving  of  coal,  was  first  introdaced 
at  Dowlais. 

The  operation  of  refining  crude  pig-iron  is  usually  conducted  in  the 
following  way.  The  floor  of  the  hearth  is  strewed  with  broken  sandstone 
and  a  fire  is  lit  in  the  centre  ;  a  quantity  of  coke  is  now  added  and  a  light 
blast  directed  upon  it  A  charge  of  pig-iron,  scrap,  or  broken  castings  is 
now  piled  on  the  coke,  a  fresh  quantity  of  fuel  is  heaped  upon  the  metal, 
and  the  full  power  of  the  blast  turned  on.  The  weight  of  crude  iron 
constituting  a  charge  varies  in  accordance  with  the  dimensions  of  the 
refinery,  but  it  may,  on  an  average,  be  taken  at  2  tons,  requiring  the 
consumption  of  5  cwts.  of  coke  for  its  converaion  into  refined  metal. 

The  broken  sandstone  on  the  floor  fuses  and  glazes  the  surface  of  the 
hearth,  while,  in  the  course  of  an  hour,  the  metal  begins  to  melt,  and 
dropping  through  the  coke,  reaches  the  bottom.  In  the  course  of  from  two 
hours  to  two  houra  and  a  half,  the  whole  of  the  iron  has  become  melted 
and  lies  under  the  coke,  but  the  blast  is  still  kept  up  and  fresh  coke  is 
added.  By  this  means  a  portion  of  the  metal  becomes  oxidized,  and 
uniting  with  the  siliceous  matter  contained  in  the  fuel,  as  also  with  the 
silica  resulting  from  the  oxidation  of  the  silicon  present  in  the  cast-iron, 
forms  a  fusible  vitreous  slag.  This  slag,  which  is  extremely  rich  in  oxide 
of  iron,  exercises  a  strong  decarburizing  action  on  the  iron  on  which  it 
floats ;  but  in  order  that  these  changes  may  be  properly  effected,  the  air 
from  the  different  tuyere  is  allowed  to  play  on  the  surface  of  the  fused 
mass  for  a  considerable  time  after  the  whole  of  the  iron  has  collected  at 
the  bottom  of  the  hearth.  During  this  period  the  fuel  is  observed  to 
be  continually  lifted  by  the  motion  caused  in  the  metal  by  the  escape 
of  carbonic  oxide  gas  produced  by  the  reaction  on  the  cast-iron  of  the 
rich  silicates  of  iron  constituting  the  slag.  When  the  decarburization 
is  judged  to  be  sufficiently  advanced,  the  tap-hole  is  opened,  and  the 
contents  of  the  hearth  are  allowed  to  flow  into  the  moulds,  where  they 
are  cooled  by  a  largo  quantity  of  cold  water,  by  which  treatment  the 
metal  is  rendered  extremely  brittle.  The  slags  are  now  separated,  and 
the  fine  metal  broken  into  pieces  convenient  for  transport  to  the  pud- 
d ling-furnace,  where  it  is  to  be  freed  from  the  remainder  of  its  carbon 
and  converted  into  soft  iron. 

The  working  of  the  refinery  is  continuous,  so  that  as  soon  as  one 
charge  of  metal  is  run  out,  the  hearth  is  again  prepared  for  the  reception 
of  a  fresh  supply.  The  time  occupied  in  refining  each  charge  will 
average  about  three  hours  ;  but  white-iron  does  not  require  to  be  blown 
so  long  as  grey-pig,  which  frequently  requires  from  three  and  a  half  to 
four  houra  before  it  is  sufficiently  refined. 

With  the  running-in  refinery  the  case  is  somewhat  different,  since  the 
metal  is  run  into  the  hearth  in  a  fused  stato,  and  the  time  and  fuel  con- 
sumed in  melting  the  metal  in  the  ordinary  refinery  are  consequently 
saved. 

When  taken  directly  from  the  blast-furnace,  22*3  cwts.  of  common 
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forge-,  or  21*1  cwte.  of  good  grey-pig,  are  required  to  produce  1  ton  of 
fine  metal,  and  the  expenditure  of  coke  is  about  2  cwts.  In  the  melting- 
down  refinery  the  loss  of  metal  is  somewhat  greater,  and  the  expenditure 
of  fuel  20  per  cent  larger. 

The  loss  of  weight  in  refining  hot-blast  iron  is  usually  greater  than 
that  experienced  in  the  treatment  of  cold-blast  pig,  and  the  metal  pro* 
duced  from  blackband  is  especially  difficult  of  treatment,  chiefly  owing 
to  its  ready  fusibility,  which  renders  long-continued  blowing  necessary  ; 
this  results  in  an  increased  waste,  24  cwts.  of  crude  iron  being  required 
to  produce  1  ton  of  fine  metal. 

The  tuyers  are  usually  from  1^  to  Ij  inch  in  diameter,  and  are  in- 
clined at  an  angle  of  about  SS"*.  In  the  running-in  hearth  94,000  cubic 
feet  of  blast  are  required  per  ton  of  metal  treated,  but  in  the  melting- 
down  lefinery  136,000  feet  are  necessary  for  whito-pig,  and  153,000 
cubic  feet  for  giey-iron.  The  weekly  production  of  a  refinery  working 
on  white-iron  is  from  150  to  160  tons,  and  with  grey  from  80  to  100 
toD&  The  operation  of  refining  may  be  accelerated  by  the  addition  of 
basic  silicates,  such  as  the  slags  from  re-heating  furnaces  or  forge-scale. 
The  action  of  the  blast  is  in  this  case  supplemented  by  the  use  of  the 
flux ;  the  carbon  of  the  cast-iron  is  in  part  oxidized  by  the  oxygen  of  a 
portion  of  the  oxide  of  iron,  an  equivalent  amount  of  iron  being  at  the 
same  time  reduced  to  the  metallic  state.  Lime  may  sometimes  be  advan- 
tageously employed  for  the  removal  of  sulphur,  but  it  has  a  tendency  to 
render  the  slags  comparatively  infusible,  and  can  therefore  be  used  in 
moderate  quantities  only ;  the  same  result  is  more  efficaciously  produced 
by  the  presence  of  manganese. 

The  usual  thickness  of  the  plates  of  fine  metal  is  about  3  inches ; 
when  freshly  fractured  the  surface  has  a  silvery-white  colour,  the  lower 
part  being  compact,  with  a  radiated  or  columnar  structure,  while  the 
top  is  dull  and  cellular. 

A  modification  of  the  ordinary  refinery  process  is  used  in  Carinthia, 
chiefly  for  iron  intended  for  the  manufacture  of  steel.  Grey  or  mottled 
pig-iron  is  melted  in  a  hearth  lined  with  brasque,  charcoal  being  employed 
as  fuel.  The  slags  are  partially  removed  from  the  surface  of  the  fluid  iron 
and  oxidizing  fluxes  added ;  water  is  then  thrown  upon  the  metal  and  the 
chilled  crusts  taken  ofl;  The  consumption  of  charcoal  is  about  5  cubic 
feet  per  100  lbs.  of  refined  iron  produced. 

EcHz  Beftfiery. — As  used  at  Gleiwitz  and  Konigshutte  in  Silesia^  this 
apparatus  consisted  of  a  reverberatory  furnace  with  a  gas-producer  and  a 
heated  top  blast  The  metal  when  melted  down  with  a  small  addition 
of  Hmestone  was  blown  by  two  side  tuyers,  and  the  operation  lasted  from 
two  to  five  hours,  according  to  the  product  required.  As  the  process 
was  mostly  intended  for  the  production  of  strong  foundry  metals,  the 
silicon  was  not  entirely  removed. 

Parry*8  Process, — In  this  method,  which  was  experimentally  used  in 
South  Wales,  but  never  adopted  on  a  large  scale,  fused  metal  from  the 
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blast-furnace  ^as  subjected  to  the  action  of  numerous  jets  of  superheated 
steam  in  the  hearth  of  a  reverheratory  furnace  heated  by  a  coal  fire  in  the 
usual  way.  From  3^  to  4  cwts.  of  forgOKsinder,  containing  66  per  cent 
of  iron,  was  used  per  ton  of  metal  blown,  and  the  iron  reduced  com- 
pensated for  that  oxidized  in  the  removal  of  silicon.  About  one-third 
of  the  phosphorus  was  also  oxidized.  8even  tuyers  or  steam-jets  of 
4-inch  diameter,  supplied  with  steam  at  30  lbs.  to  40  lbs.  pressure,  refined 
1  ton  of  grey-iron  in  half  an  hour. 

The  following  analyses  of  metal  and  slag  obtained  by  this  process  at 
the  Ebbw  Vale  Works  are  by  Noad  : — 
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HeatorCs  Process. — A  process  was  introduced  some  years  since  by  Mr. 
Heaton,  of  Langley  Mill  Iron-Works,  which,  although  intended  for  the 
production  of  steel,  is  essentially  a  modification  of  refining.  Instead  of  a 
blast  of  atmospheric  air,  the  oxidizing  agent  employed  is  nitrate  of 
sodium.  The  converter  is  a  circular  cupola  enclosed  in  an  iron  casing, 
having  a  movable  bottom,  kept  in  its  place  by  iron  clamps;  this 
bottom  is  filled  with  nitrate  of  sodium  in  the  proportion  of  one-tenth 
the  weight  of  the  metal  treated,  and,  in  some  cases,  a  small  quantity  of 
siliceous  sand  is  added.  In  order  to  prevent  it  from  floating  to  the  sur- 
face of  the  molten  metal  without  undergoing  decomposition,  this  flux 
must  be  covered  by  a  peiforated  plate  of  cast-iron,  and,  when  the  bottom 
is  thus  adjusted,  fused  cast-iron  is  introduced  through  a  pharging-hole  at 
top.  During  the  first  five  minutes,  the  action  of  the  nitrate  on  the 
oxidizable  matter  present  is  slight,  but  on  the  melting  of  the  covering- 
plate,  which  usually  occurs  after  that  interval,  a  violent  ebullition  takes 
place,  and  a  bright  yellow  sodium  flame  escapes  from  the  top  of  the 
chimney.  After  continuing  for  about  a  minute  and  a  half,  this  action 
rapidly  subsides ;  the  bottom  of  the  converter  is  then  detached,  and  is, 
with  its  contents,  removed  on  a  truck  placed  beneath  it  for  that  purpose. 
The  product  of  this  operation,  called ''crude  steel,"  is  not  sufficiently 
liquid  to  be  run  into  ingots,  and  the  contents  of  the  converter  are  there- 
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iore  tamed  oat  apon  the  floor,  and  broken  into  fragments  of  convenient 
size  for  farther  treatment 

This  consists  of  sundry  re-heatings,  squeezings,  and  hammerings ;  or 
the  broken  fragments  may  be  melted  in  crucibles  in  the  ordinary  way  for 
the  production  of  cast-steeL 

The  following  analyses  of  the  material  operated  on,  and  of  the  pro- 
ducts obtained  by  this  process,  were  published  by  the  late  Dr.  W.  A. 
Miller  in  1868 :— 
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1.  Cupola-pig.     2.  Crude  steel.     3.  Steel-iron. 

It  will  be  observed  that  the  "  steel-iron  "  contains  as  much  carbon  as 
ordinary  strong  steel,  and  that  the  amount  of  phosphorus  retained  is  four 
times  greater  than  that  contained  in  best  Yorkshire  iron,  and  fourteen  to 
fifteen  *times  as  much  as  in  Swedish  Bessemer  steel.  This  process,  which 
does  not  appear  to  have  been  carried  out  on  a  manufacturing  scale,  was 
subsequently  examined  by  M.  Gruner  and  by  Mr.  G.  J.  Snelus,  of 
Dowlais.  The  analyses  of  the  latter  chemist,  who  has  had  a  large  experi- 
ence in  investigations  of  this  nature,  show  that  the  most  marked  effect  of 
the  use  of  the  alkaline  nitrate  is  the  almost  entire  removal  of  silicon ; 
this  is  probably  to  a  great  extent  due  to  the  production  of  silicates  of 
sodium. 

Henderson's  Process. — Henderson's  method  for  the  production  of  malle- 
able iron  and  steel  from  inferior  brands  of  pig  is  dependent  on  the  action 
of  titanic  oxide  on  fluor-spar,  by  which  silicon,  sulphur,  and  phosphorus 
are  said  to  be  almost  wholly  eliminated.  It  has  never  been  adopted  on 
the  laige  scala 

DxPHOBPHORiziNO  RsFiNBRT  PROCESSES. — The  removal  of  phosphorus 
from  pig-iron,  as  a  preliminary  to  puddling  or  other  processes,  has  been 
effected  by  Sir  I.  L  Bell  by  subjecting  molten  metal  from  the  blast- 
furnace to  the  action  of  magnetic  oxide  of  iron,  either  melted  or  in  a 
very  highly  heated  state.  The  operation  was  performed  either  in  a 
revolving  water-jacket  puddling-fumace,  or  in  a  trough  of  wrought-iron, 
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lined  with  bricks  of  purple  ore,  12  feet  long,  3  feet  wide,  and  3  feet  deep, 
placed  under  a  brick  arch,  and  mounted  upon  a  central  axis,  about  which 
it  oscillated  like  the  beam  of  a  steam-engine.  The  interior  was  raised  to 
a  red  heat  by  a  gas-fire,  and  the  oxide  of  iron  introduced,  either  melted 
or  sufficiently  hot  to  melt  when  the  iron  was  run  in.  About  10  cwU 
of  metal  were  heated  with  4  cwts.  of  liquid  oxide,  but  the  temperature 
was  kept  below  that  of  an  ordinary  puddling-fumace.  The  operation 
lasted  from  ten  to  twenty  minutes,  during  which  time  the  yessel  was 
kept  oscillating,  so  as  to  traverse  the  charge  repeatedly  from  one  end  to 
the  other.  The  distance  thus  travelled  in  about  ten  minutes  was  from 
720  to  960  feet.  The  charge  was  then  tapped  into  moulds,  where  the 
iron  and  cinder  were  separated  as  in  the  ordinary  refinery.  The  metal 
resulting  from  this  so-called  "purifying  process"  was,  like  that  of  the 
refinery,  almost  freed  from  silicon,  and  from  80  to  90  per  cent,  of  the 
original  amount  of  phosphorus  was  removed,  while  the  carbon  was 
very  slightly  acted  upon.  The  slags  contained  about  6  per  cent, 
of  PA 

A  similar  process,  used  for  some  time  by  Krupp,  was  described  by 
the  late  Mr.  A.  L.  HoUey  under  the  name  of  "  pig- washing."  A  Pemot 
gas  furnace,  with  a  circular  hearth  rotating  about  an  axis  slightly  inclined 
from  the  vertical,  was  used.  The  chaige  of  5  tons  of  melted  metal  was 
heated  with  20  per  cent,  of  its  weight  of  pure  iron  ore,  and  when  it 
contained  more  than  1  per  cent  of  silicon,  some  limestone  was  added 
About  6  per  cent  of  silica  in  the  charge  was  necessary  to  give  the 
requisite  fluidity  to  the  slag.  The  ore  was  first  charged  and  then 
strongly  heated ;  the  iron  was  run  in,  the  revolutions  of  the  furnace 
being  regulated  to  11  per  minute.  As  soon  as  carbonic  oxide  flames 
began  to  appear  (usually  in  from  five  to  eight  minutes)  the  metal  was 
run  off.  The  result  was  similar  to  that  given  above ;  but  as  a  more 
manganiferous  metal  was  used,  the  silicon  was  entirely  removed,  together 
with  from  75  to  80  per  cent  of  the  phosphorus.  Manganese  was  also 
completely  oxidized  and  passed  into  the  slag.  The  cost  of  the  operation 
was  computed  at  10s.  per  ton  of  metal  treated,  including  melting  in 
the  cupola. 

These  processes,  though  at  one  time  promising,  have  lost  their  signi- 
ficance since  the  introduction  of  the  method  of  dephosphorizing  by  lime 
in  the  Bessemer  converter. 

Production  op  Wrought-Iron  from  Cabt-Iron  in  Open  Fires. 

The  various  processes  employed  for  the  production  of  wrought-iron 
from  cast  are  either  conducted  in  open  hearths,  in  which  the  pig-metal  is 
melted  and  decarburized  before  the  blast  of  an  inclined  tuyer,  or  the 
transformation  is  efifected  by  puddling,  by  which  the  same  operation  is 
performed  on  the  hearth  of  an  ordinary  reverberatory  furnace.     In  both 
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eases  the  reactions  inyolved  are  precisely  similar ;  graphitic  carbon  first 
passes  into  the  non-graphitic  or  combined  state,  and  is  subsequently  con- 
verted into  carbonic  oxide,  either  directly  by  the  oxygen  of  the  blast,  or 
indirectly  by  the  action  of  oxide  of  iron  in  the  slags.  In  many  instances 
this  oxidizing  agent  is  supplied  by  the  iron  itself,  mrhich  is  always  to 
a  certain  extent  oxidized  by  the  air  of  the  blast  during  the  process  of 
fusion,  while  in  others  it  is  directly  added  in  the  form  of  hssmatite, 
foige-^cale,  finery-cinder,  &c 

The  methods  employed  for  the  production  of  malleable  iron  in  open- 
hearthfi,  although,  from  their  antiquity  and  comparative  simplicity,  of 
much  interest,  are  nevertheless  gradually  diminishing  in  importance; 
this  arises  from  the  rapidly  extending  use  of  the  puddling-fumace,  which 
can  not  only  be  employed  with  fuel  and  material^  of  lower  quality,  but 
also  admits  of  the  more  extensive  application  of  machinery  in  the  elabo- 
ration of  the  resulting  iron. 

The  methods  of  refining  in  the  open  hearth  may  be  classified  under 
thiee  heads,  according  to  the  number  of  times  the  metal  requires  lifting 
or  breaking-up,  from  the  period  when  it  is  first  fused  until  the  bloom 
has  been  made  ready  for  placing  under  the  hammer.  In  accordance  with 
this  distinction,  the  method  employed  is  distinguished  as  a  single, 
double,  or  manifold  running-down  process,  or  in  Germany,  where  a  few 
small  open-hearth  establishments  are  still  in  operation,  as  eimnalige^ 
ztoeimaligey  or  mehrmalige  Schmdzerei,  This  distinction  is,  in  a  great 
measure,  due  to  the  number  of  heats  employed  during  the  operations 
requisite  for  the  conversion  of  pig-iron  into  malleable  metal 

In  the  firsts  or  single  method,  employed  in  Styria,  white  pig-iron, 
nearly  approximating  in  composition  to  refined  metal,  is  used,  and  the 
elimination  of  combined  carbon  is  principally  effected  by  the  addition  of 
oxidizing  agents,  without  material  assistance  from  the  injected  blast ;  the 
product  is  a  steely  iron,  from  which  the  excess  of  carbon  is  subsequently 
lemoved  by  subjecting  the  l^oom  to  successive  welding  heats.  In  the 
second,  or  double  process,  the  metal  is  run  into  the  hearth  or  bloomery 
from  a  melting-down  or  running-out  fire ;  and  in  the  last,  of  which  the  old 
German  or  Walloon  forge  may  be  taken  as  a  type,  the  three  operations  of 
converting  grey-iron  into  white,  lifting,  breaking-up,  and  the  final  balling 
are  performed  in  the  same  hearth. 

Grbmajx  OB  Walloon  Forgb. — The  working  of  the  Grerman  forge  may 
be  described  generally  as  follows,  although  the  various  operations  admit 
of  more  or  less  modification  in  accordance  with  circumstances,  and  the 
custom  of  the  district  in  which  the  worits  may  be  situated. 

This  operation  is  carried  on  in  a  small  open  fire,  of  which  fig.  80 
represents  a  vertical  section,  and  fig.  81  a  ground  plan ;  the  quadran- 
gular hearth,  H,  is  formed  of  thick  cast-iron  plates.  The  depth  of  the 
hearth  is  about  12  inches,  and  its  width  from  2  feet  to  2  feet  2  inches. 

The  blast  is  introduced  by  the  tuyer,  t^  which  projects  about  4  inches 
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into  the  hearth,  and  is  so  inclined  that  its  axis  may  intersect  the  opposite 
face,  somewhat  above  the  line  of  its  junction  with  the  plate  forming  the 
bottom. 


Fig.  80.— German  Forge ;  vertdoal  section. 
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Fig.  81.— German  Forge ;  plan. 

The  tuyer  is  made  of  sheet-copper,  and  is  of  the  form  represented, 
fig.  82.  In  this  are  placed  the  nozzles  of  two 
wooden  bellows,  B,  set  in  motion  by  a  water-wheel, 
and  arranged  so  as  to  afford  a  continuous  stream  of 
air.  The  movable  lids  of  these  are  raised  by  cams, 
^^e-^^  c,  placed  on  the  axle,  A,  of  the  water-wheel,  and 

the  too  rapid  fall  of  the  vibrating  segments  is  checked  by  their  being 
attached  to  the  levers,  e,  provided  with  boxes,  w,  in  which  are  placed 
weights,  for  the  purpose  of  regulating  the  rapidity  of  the  descent  The 
eams,  c,  are  so  disposed  around  the  axle  of  the  wheel  that  the  movable 
half  of  one   bellows  begins  to  be  raised  precisely  when  that  of  the 


IKON.  283 

other  is  being  released,  and  in  this  Tray  a  continuous  current  of  air  is 
constantly  kept  up  in  the  furnace. 

In  front  of  the  fire-place  is  a  cast-iron  plate,  raised  on  one  side  to  the 
level  of  the  hearth,  and  on  the  other  inclined  to  that  of  the  refinery  floor. 
An  aperture,  called  the  chio  or  slag-hole,  passes  through  the  side  of  the 
furnace,  and  enters  the  hearth  at  the  bottom  ;  by  this  aperture  the  fusible 
sli^  are  occasionally  run  off.  Over  the  furnace  is  placed  a  hood^  v. 
which  is  made  of  brickwork,  and  being  provided  with  a  chimney,  seiye^ 
to  carry  off  the  smoke  and  gases  evolved  during  the  process.  To  Vhe 
sides  of  this  hood  are  attached  plates  of  sheet-iron,  for  the  purpose  oi ' 
screening  the  workmen  from  the  heat  to  which  they  would  otherwise  be 
exposed. 

In  order  to  understand  the  working  of  this  furnace,  we  must  suppose 
that  an  operation  has  just  been  terminated,  and  that  the  hearth  still  con- 
tains a  considerable  quantity  of  incandescent  charcoal. 

The  workman  begins  by  filling  the  hearth  with  fresh  fuel,  and  then 
gradually  admits  the  blast  In  the  older  forges  the  supply  of  air  is 
regulated  by  limiting  the  supply  of  water  on  the  wheel  by  which  the 
bellows  are  set  in  motion,  but  in  some  of  those  of  more  recent  construc- 
tion blowing  cylinders  are  employed,  and  in  that  case  the  blast  is 
adjusted  by  a  valve  situated  near  the  tuyer. 

The  iron  to  be  refined  is  cast  either  into  pigs  of  from  10  to  15  feet  in 
length,  or  into  short  bars  or  thin  plates.  In  the  first  case  the  bar  is 
placed  on  iron  rollers,  and  its  extremity  introduced  into  the  middle  of 
the  hearth  at  a  height  of  from  6  to  9  inches  above  the  bottom.  When, 
on  the  contrary,  the  metal  to  be  refined  has  been  cast  into  smaller  masses, 
they  are  piled  to  the  amount  of  from  2  to  3  cwts.  immediately  upon  the 
charcoal  with  which  the  cavity  of  the  furnace  is  filled. 

After  a  short  time  the  metal  begins  to  melt,  and  passing  through  the 
carrent  of  air  from  the  tuyer,  falls  to  the  bottom  of  the  heartL  This 
period  of  fusion  ordinarily  lasts  from  three  to  three  and  a  half  hours,  and 
during  that  time  advantage  is  taken  of  the  heat  developed  to  weld  to- 
gether and  form  into  bars  the  metal  refined  during  the  preceding  opera- 
tion. The  drops  of  melted  iron,  in  passing  at  a  high  temperature  through 
the  air  furnished  by  the  blast,  becomes  partially  oxidized,  and  by  subse- 
quent reaction  of  the  basic  silicates  of  iron  formed,  a  considerable  portion 
of  the  carbon  is  consumed. 

On  arriving  at  the  bottom  of  the  hearth,  the  iron  thus  treated  has 
become  to  a  certain  extent  decarburized,  and  forms  a  pasty  mass  beneath 
the  layer  of  fuel  t'hrough  which  it  has  passed.  The  slag,  which  gradually 
accumulates  in  the  furnace,  is  from  time  to  time  run  off  through  the 
tapping-hole  before  referred  to,  care  being  taken  to  retain  a  sufficient 
quantity  to  carry  on  the  process  of  decarburization. 

The  oxidation  of  the  iron  is  also  promoted  by  bringing  the  melting 
mass  immediately  before  the  current  of  air  thrown  in  by  the  tuyer.  The 
«lag  run  off  is  preserved  for  use  in  the  succeeding  operation. 
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When  the  partially  refined  bloom  has  become  sufficiently  resistant, 
the  workman,  by  the  aid  of  a  strong  bar  of  iron,  rolls  it  up  in  the  form 
of  a  ball,  and  raises  it  on  the  top  of  the  fuel,  which  he  now  thrusts 
down  into  the  bottom  of  the  furnace.  Fresh  charcoal  is  at  the  same  time 
added,  and  the  pressure  of  the  blast  so  increased  that  the  mass  is  again 
subjected  to  strongly  oxidizing  influences,  and  a  second  time  reaches  the 
bottom  of  the  hearth,  where,  from  having  now  lost  a  considerable  portion 
of  its  carbon,  it  forms  a  spongy  mass.  The  detached  fragments  are  now 
collected  with  an  iron  bar,  and  united  into  one  mass.  Should  any 
portions  appear  to  be  imperfectly  refined,  they  are  again  brought  into  a 
position  to  be  directly  acted  on  by  the  blast. 

When  the  mass  has  become  sufficiently  coherent  the  slag  is  run  off, 
and  the  iron  is  rolled  into  a  large  ball,  and  removed  from  the  hearth  by 
strong  levers,  and  subjected  to  the  action  of  a  heavy  hammer,  by  which 
the  spongy  matter  is  consolidated  and  welded  together,  while  the  siliceous 
slag  is  at  the  same  time  expressed  from  its  pores.  During  this  operation 
the  hearth  is  cleaned  out,  and  the  larger  portion  of  the  remaining  slag 
is  drawn  off;  a  certain  quantity  is  nevertheless  retained  in  the  furnace 
to  assist  in  the  decarburization  of  the  succeeding  charge  of  cast-iron. 
Before  again  proceeding  to  charge,  it  is  frequently  found  necessary  to 
cool  the  hearth  with  water,  which  is  made  to  circulate  beneath  the 
bottom  plate. 

The  richer  slags  thus  removed  are  not  thrown  away,  but,  together 
with  the  scale  produced  during  the  hammering  of  the  mass,  are  employed 
in  the  next  operation,  during  the  first  melting  of  the  pig-iron. 

After  being  removed  from  the  hearth,  the  bloom  is  transported  to  an 
anvil,  on  which  it  receives  the  repeated  blows  of  a  heavy  hammer,  set  in 
motion  by  a  water-wheel,  the  slag  becoming  completely  expelled,  and  the 
iron  consolidated  into  the  form  of  an  elongated  prism. 

The  hammer-head  commonly  weighs  from  800  to  1,200  lbs.,  and  is 
sometimes  made  of  cast-iron,  although  wrought-iron  is  also  employed,  and 
in  that  case  it  is  provided  with  a  face  of  hardened  steel. 

The  anvil  is,  in  most  instances,  of  cast-iron,  which,  to  give  it  greater 
solidity,  rests  on  a  heavy  mass  of  the  same  material,  supported  by  a  large 
wooden  pile  firmly  fixed  in  the  floor.  The  wooden  beam  which  carries 
the  hammer  is  strengthened  by  bands  of  iron,  and  is  supported  by  a 
strong  cast-iron  ring,  provided  with  trunnions,  on  which  it  turns  when 
the  head  of  the  hammer  is  raised.  These  trunnions  are  supported  by 
iron  bearings  fixed  in  wooden  supporta  Parallel  to  the  hammer-beam, 
and  at  a  short  distance  from  it,  is  situated  a  horizontal  axle,  moved  by 
a  water-wheel,  and  provided  with  a  series  of  cams,  which,  by  coming  in 
contact  with  an  iron  band,  situated  at  about  one-third  part  of  the  distance 
from  the  head  to  the  trunnions,  forming  the  centre  of  suspension,  first 
lift  the  hammer,  and  then  allow  it  to  fall  with  its  whole  weight  on  the 
anvil  beneath.  To  accelerate  the  fall  of  the  hammer  when  lifted  to  its 
full  height  it  comes  in  contact  with  a  long  piece  of  elastic  wood,  which 
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acts  as  a  spring,  and,  by  causing  the  rapid  descent  of  the  hammer,  pre- 
vents the  falling  beam  from  coming  in  contact  with  the  cam  which  is 
next  in  the  series.  The  extreme  range  of  the  hammer,  or  the  height 
to  which  it  is  raised  from  the  anvil  at  each  blow,  varies  from  2  feet  to  2 
feet  6  inches. 

When  the  working  of  a  piece  of  iron  has  been  completed,  the  hammer 
is  propped  to  the  full  height  of  its  course  by  a  wooden  support,  which  is 
removed  as  soon  as  the  succeeding  bloom  has,  by  means  of  proper  tongs, 
been  placed  upon  the  anvil  At  first  the  water-wheel  is  made  to  revolve 
very  slowly,  and  consequently  a  considerable  interval  occurs  between 
each  blow ;  but  by  degrees  a  more  plentiful  supply  of  water  is  admitted, 
and  the  hammer  soon  attains  its  maximum  speed,  which  is  continued  to 
the  end  of  the  operatioa  Whilst  the  bloom  is  being  worked  on  the 
anvil,  it  is  so  turned  by  the  workmen  that  all  its  sides  successively  be- 
come exposed  to  the  hammer ;  and  by  this  means  the  slag  is  rapidly 
expelled  from  the  spongy  metal,  which  is  speedily  formed  into  an 
elongated  mass,  of  which  the  various  parts  have  become  firmly  welded 
together.  This  is  again  subdivided,  by  a  cutter,  into  three  or  four 
fragments,  which  are  placed  above  the  bloom  formed  in  the  next  opera- 
tion, and  when  sufficiently  heated  are  drawn  into  bars,  under  a  hammer 
specially  adapted  for  that  purpose.  The  mass  is  divided  by  a  kind  of 
knife,  placed  on  it  whilst  under  the  hammer,  which,  in  its  fall,  strikes 
the  back  of  the  cutter,  causing  it  to  divide  the  iron. 

The  hammer  used  for  drawing  the  divided  bloom  into  bar?,  is,  in  most 
instances,  much  lighter,  and  makes  a  greater  number  of  blows  in  a  given 
time,  than  that  employed  for  ex- 
pressing the  slag  from  the  bloom 
when  it  first  comes  from  the  re- 
finery. This  hammer,  which  has 
less  lift  than  the  one  just  described, 
is  represented  by  figs.  83,  84.  In 
this  case,  instead  of  being  raised 
directly  by  cams,  the  motion  is 
communicated  on  the  other  side 
of  the  centre  of  suspension ;  the 
cam-axle,  as  in  the  other  hammer, 
being  turned  on  by  a  water-wheel. 
Fig.  83  represents  a  front  view, 
and  fig.  84  a  sectional  elevation  of 
this  hammer.     A,  represents   the  Fig.  ss—Tiit-Hommer;  front  view, 

axle  of  the  water-wheel,  on  which  are  fixed  the  cams,  c :  these  are  fitted 
into  a  cast-iron  ring,  which  is  firmly  secured  on  the  shaft  by  the  wedges, 
0,  made  of  hard  wood. 

The  beam,  B,  carries  the  hammer,  F,  and  is  received  into  an  iron 
ring,  C,  which  is  provided  with  trunnions,  working  in  bearings  between 
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the  perpendicular  posts,  D,  and  the  cross-bars,  E,  which  are  strongly 
bolted  together. 

At  the  extremity  of  the  beam  opposite  to  that  which  carries  the 
hammer,  is  an  iron  plate,  p,  firmly  secured  by  means  of  the  band,  d ; 


Fig.  84.— Tilt-Hammer ;  sectional  elevation. 

against  this  plate  the  cams,  which  move  in  the  direction  indicated  by 
the  arrow,  are  successively  brought  to  bear,  and  by  their  pressure  raise 
the  hammer  fixed  on  the  other  end  of  the  wooden  beam,  which  again 
falls  as  soon  as  the  cam  in  contact  with  the  plate,  jp,  has  so  far  depressed 
the  end  of  the  lever  as  to  allow  of  its  passing  round  without  further  im- 
pediment A  spring,  K,  is  placed  under  the  tail  of  the  beam,  instead  of 
above  the  head.  The  faces  of  the  hammer,  F,  and  of  the  anvil,  G,  which 
rests  on  the  bed,  H,  are  inclined  at  a  certain  angle  with  the  floor ;  the 
guide,  I,  serves  to  steady  long  iron  bars  when  worked  under  the  hammer. 

The  weight  of  each  bloom  is  in  most  instances  between  1  and  2  cwts., 
and  100  lbs.  of  cast-iron  produce  about  85  lbs.  of  bars.  For  every  100  lbs. 
of  wrought-iron  obtained,  160  lbs.  of  charcoal  are  employed.  The  bellows 
are  stopped  as  soon  as  the  bloom  is  ready  to  be  placed  under  the  hammer, 
and  the  whole  operation  occupies  about  five  hours.  The  iron  manufac- 
tured by  this  method  is  of  excellent  quality.  Refineries  of  this  description 
are  sometimes  supplied  with  heated  air  instead  of  the  ordinary  cold-blast, 
and  attempts  have  been  made  to  replace  the  employment  of  charcoal  by 
the  use  of  coke ;  but  the  iron  produced  by  this  means  is  so  much  inferior 
to  that  prepared  with  the  usual  fuel  as  to  more  than  compensate  for  the 
advantages  derived  by  the  substitution  of  the  cheaper  combustible. 

The  process  above  described  is  called  by  the  Germans  Klump/rischen^ 
or  lump-refining,  and  differs  from  the  Durchbrech/rischen^  because  in  the 
latter  the  bloom,  instead  of  being  rounded  together  in  one  mass  on  the 
hearth  of  the  furnace,  is  then  separated  into  several  pieces,  which  are 
successively  worked  under  the  hammer. 

The  French  call  the  first  process  affinage  au  petit  foyer,  and  the 
second,  affinage  par  portions. 

A  further  distinction  between  the  open-hearth  processes  may  be  founded 
upon  the  various  methods  adopted  for  working  the  iron,  as  it  loses  its 
carbon  and  becomes  converted  into  malleable  metal,  or,  as  that  transfo^ 
mation  is  called  in  this  country,  it  comes  to  nature,    Wlien  of  good  quality 
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the  whole  charge  may  be  lifted  together,  and  worked  in  a  single  mass 
before  the  tuyer,  whereas  with  inferior  descriptions  the  particles  of  iron, 
instead  of  being  allowed  to  coalesce  as  they  form,  are  divided  into  several 
portions,  which,  after  being  separately  decarbnrised,  may  either  be  worked 
into  one  ball  or  forged  separately. 

Three  principal  methods  of  manufacturing  iron  in  the  charcoal  hearth 
are  employed  in  Sweden : — the  Walloon,  the  Franche-Comt^  and  the 
Lancashire  processes.  The  first  of  these  is  confined  to  forges  producing 
Dannemora  steel-iron.  The  Franche-Comt6  and  Lancashire  hearths  are 
covered  and  provided  with  flues  in  which  the  charge  of  pig-iron  is 
heated  previous  to  fusion,  and  where  the  blast  is  raised  to  a  temperature 
of  100*  C.  by  being  passed  through  a  series  of  cast-iron  pipes;  the 
pressure  employed  is  from  1  lb.  to  1^  lb.  per  square  inch. 

In  the  first  method  the  bloom,  after  shingling,  is  cut  into  two  pieces 
and  re-heated  in  the  same  fire ;  while  in  the  Lancashire  forge,  either  a 
second  hearth,  or  a  gas  welding-furnace  is  employed  for  re-heating.  In 
both  cases  the  weight  of  bar-iron  produced  is  about  85  per  cent  of  that 
of  the  pig-metal  operated  on,  and,  under  the  most  favourable  conditions, 
the  consumption  of  charcoal  is  about  one  and  a  half  times  the  weight  of 
the  finished  bars  made. 

Irok  for  Tik-Platbs. — In  South  Wales  a  superior  description  of  iron 
employed  for  rolling  into  the  thin  sheets  formerly  much  used  in  the  manu- 
facture of  tin-plates,  was  made  in  the  charcoal  hearth.  The  pig-metal 
treated  was  of  good  quality,  and  was  smelted  either  with  anthracite  or 
in  a  coke  furnace  blown  with  cold-blast.  The  charge,  which  consisted  of 
from  5  to  6  cwts.  of  good  Welsh  mine  or  hsematite  pig,  was  first  melted 
in  a  small  coke  refinery  with  two  tuyers,  and,  after  the  necessary  amount 
of  exposure  to  the  oxidizing  influences  of  the  blast,  was  run  ofl^,  through 
an  inclined  gutter,  into  charcoal  hearths  placed  in  front,  and  at  a  lower 
level.  These  hearths  were  made  of  cast-iron  plates,  their  bottoms  being 
cast  hollow  in  order  that  they  might  be  kept  cool  by  the  circulation  of  a 
current  of  cold  air;  the  chai^ge  of  refined  metal  was  divided  equally  between 
them,  and  each  blown  by  a  single  tuyer..  Water-tuyers  were  made  use 
of  both  in  the  refinery  and  charcoal  hearths,  although  cold-blast  only  was 
employed  in  each  case.  In  the  charcoal  hearth  the  metal  was  frequently 
broken  up  and  raised  by  an  iron  bar,  the  slags  being  run  off  two  or  three 
times  during  each  operation,  of  which  the  average  duration  was  little 
more  than  an  hour.  The  whole  of  the  charge  was  worked  into  a  single 
bally  which  weighed  something  less  than  2  cwts.,  and  was  first  shingled 
under  a  tilt-hammer  and  then  drawn  into  a  long  flattened  bar  about  2 
inches  in  thickness.  This  was  partially  cut  through  transversely,  and 
broken  by  the  blows  of  a  sledge-hammer  into  fragments  called  stamps^ 
each  weighing  about  28  lbs.  The  fracture  of  the  pieces  thus  broken  off 
was  examined,  and  such  only  as  presented  a  finely  crystalline  and  uni- 
form grain  were  used  in  the  formation  of  the  pile  from  which  the  finished 
sheet  was  made. 
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The  re-heating  of  the  stamps  was  conducted  in  a  special  furnace  known 
as  the  hcllow  fire^  consisting  of  a  deep  rectangular  hearth  roofed  over  at 
top.  This  hearth  was  partially  filled  with  coke,  and  supplied  with  blast 
through  a  single  inclined  tuyer  introduced  near  the  top  of  the  fuel. 

The  piles,  consisting  of  the  fragments  detached  from  the  rough  bars 
by  the  process  above  described,  were  supported  upon  a  staff  or  flattened 
bar  of  iron,  above  the  top  of  the  fuel,  but  fully  exposed  to  the  action  of 
the  flame  from  the  hearth.  At  the  present  time  mild  steel  has  almost 
entirely  superseded  the  use  of  wrought-iron  in  the  manufacture  of  tin- 
plates. 

In  the  West  Hiding  of  Yorkshire  the  same  method  of  breaking  and 
selecting  the  rough  bars  is  employed  in  those  forges  which  are  most  noted 
for  the  superiority  of  the  iron  they  produce. 

Preparation  of  Mallbablb  Iron  by  the  Keverbbratort  Process. 

Puddling. — ^The  reverberatory  process  for  converting  cast  into  malle- 
able iron,  introduced  by  Henry  Cort,  in  1784,  has  now  almost  entirely 
superseded  all  others  in  localities  in  which  mineral  fuel  is  moderately 
abundantj  while  the  introduction  of  gas  furnaces  has  been  the  means  of 
its  becoming  very  general,  even  in  wooded  districts  and  in  localities 
where  inferior  descriptions  of  fuel  only  are  available.  Not  only  wood, 
but  also  brown  coal  and  peat,  may,  when  converted  into  carbonic  oxide, 
be  employed  as  fuel  in  the  puddling-fumace.  The  reactions  which  take 
place  during  the  operation  of  puddling  are  of  a  similar  character  to  those 
of  the  open  hearth,  as  the  decarburization  of  pig-iron  is  effected  by  the 
joint  action  of  a  current  of  atmospheric  air  and  oxidizing  fluxes.  In  the 
puddling-furnace,  however,  a  current  of  air  is  obtained  by  the  draught 
of  a  high  chimney  instead  of  by  a  blast,  and  according  to  the  relative 
importance  of  the  effect  produced  by  the  action  of  atmospheric  air  or  by 
oxidizing  fluxes  respectively,  the  process  is  spoken  of  as  the  "dry"  or 
the  ^'  wet "  method  of  puddling.  In  the  old  process  of  dry  pttddling  the 
necessary  oxygen  is  chiefly  derived  from  atmospheric  air,  while  on  the 
contrary,  in  wet  puddling,  or  pig-boiling^  it  is,  to  a  very  large  extent, 
furnished  by  the  slags  and  oxides  of  iron  added.  In  either  case  the 
conversion  of  grey-pig  into  white-metal,  by  a  preliminary  fusion,  is  advan- 
tageous, and  the  operation  thereby  accelerated. 

The  fire-place  of  the  modern  puddling-fumace,  figs.  85,  86,  and  87, 
(slightly  modified  from  Percy)  is  rectangular  and  divided  from  the  hearth 
by  a  low  fire-bridge ;  the  roof,  which  is  a  flat  arch,  has  a  gradual  slope 
towards  the  flue.  The  fire-bars,  a,  are  movable  for  greater  convenience  in 
removing  the  clinker,  and  a  powerful  draught  is  obtained  by  means  of  a 
brick  chimney,  b,  from  30  to  50  feet  in  height^  strengthened  by  iron 
ties ;  at  top  this  shaft  is  furnished  with  a  sheet-iron  damper,  c,  opened 
and  shut  by  a  lever  and  chain,  by  which  the  workmen  can  regulate  at 
will  the  amount  of  air  passing  through  the  furnace.     The  outside  walls 
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are  enclosed  "with  strong  side-plates  of  cast-iron,  united  by  flanges  and 
bolts,  and  are  bound  together  by  wrought-iron  tie-rods  across  the  top.  By 
this  means  not  only  is  the  perfect  solidity  of  the  structure  insured,  but 
the  entrance  of  air  through  rents  in  the  brickwork  entirely  prevented. 
The  bottom  of  the  bed,  cf,  is  formed  of  cast-iron  plates  united  by  tenon- 
joints,  and  supported  on  dwarf  pillars  of  the  same  metal.     The  sides  of 


Fig.  86.— Puddllng-Furuaoe ;  side  eleTatton. 

this  bed  are  variously  constructed,  according  to  the  method  of  artificial 
cooling  adopted,  but  they  are  frequently  made  of  hollow  iron  castings, 
through  which  a  current  of  air  circulates  for  the  purpose  of  protecting 
them  from  the  intense  heat  of  the  furnace.  The  hearth,  6  feet  in  length,* 
is  terminated  at  either  end  by  a  straight  wall  of  fire-brick,  that  nearest 
the  fire-place  being  called  the  fire-hridge^  and  the  other,  at  the  opposite 
end,  the  flue-brulge.  The  brickwork  is  made  to  overlap  the  top  of  the 
side-frame  in  such  a  way  as  to  form  a  recess  for  the  refractory  material 
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(fettling)  with  which  it  is  lined.     The  width  of  the  hearth  is  3  feet 
9  inches  at  one  end,  and  2  feet  9  inches  at  the  other. 


Fig.  86.— Puddllng-Fumaoe ;  Motion  on  C,  D  (fig.  87). 


• — ^ 


^^^^^^^C_r^ 


Fig.  87.— Puddllng*Furnace  ;  section  on  A,  B  (fig.  85). 

The  depth  of  the  fire-place  varies  with  the  nature  of  the  fuel  employed, 
being  greatest  when  the  coals  used  are  but  slightly  bituminous.     For 
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furnaces  piovided  with  an  ordinary  fire-grate,  tlie  best  f ael  is  non-caking 
coal,  containing  but  a  small  amount  of  sulphur,  and  burning  with  a  long 
flame.  The  grate-«rea  should  be  between  one-half  and  one-third  that  of 
the  bed ;  or,  taking  the  latter  at  20  square  feet,  the  area  of  the  grate  will 
be  from  7  to  8  square  feet.  The  firing-hole,  e,  which  is  placed  about  a 
foot  above  the  grate,  has  no  door,  but  is  closed  by  throwing  a  shovelful 
of  coal  on  a  projecting  ledge  cast  upon  the  iron  casing,  and  piling  it 
against  the  opening.  The  flue — of  which  the  sectional  area  varies  with 
the  nature  of  the  fuel  employed,  being  for  bituminous  coal  one-fifth  that 
of  the  grate,  and  for  anthracite  about  one-seventh — slopes  gradually 
towards  the  stack.  In  some  cases,  a  second  bed  is  placed  behind  the 
flue-bridge,  on  which  the  pig-iron  destined  for  the  succeeding  charge  is 
heated  by  means  of  the  flame  which  passes  over  it  on  its  way  to  the 
chimney ;  in  others  when,  as  in  some  gas  furnaces,  a  blast  is  used,  the  air 
is  heated  by  first  passing  through  the  hollow  side-frames  of  the  hearth, 
and  afterwards  through  a  coil  of  iron  pipes  situated  between  the  furnace 
and  the  base  of  the  chimney.  The  walls  of  the  stack  are  of  common 
brick,  with  an  internal  lining  of  fire-brick,  and  the  working- door,  /, 
which  is  situated  on  the  same  side  of  the  furnace  as  the  fire-hole,  is  a 
large  fire-tile,  set  in  a  cast-iron  frame,  suspended  by  a  chain  to  a  lever 
having  a  counterbalance-weight  at  the  other  end.  This  is  only  opened 
for  the  purpose  of  charging,  or  for  removing  the  puddled  balls,  but  a 
small  rectangular  or  arched  notch,  g,  called  the  stopper-hole,  is  cut  out 
of  its  lower  edge  for  the  introduction  of  the  tools  used  in  stirring  or 
jabblmg  the  charge.  The  sill  of  the  working-door  is  about  10  inches 
above  the  bottom  of  the  bed  of  the  furnace,  and  below  it  is  a  tap-hole,  h, 
usually  kept  closed,  through  which  the  slag,  or  tap-einder,  is  withdrawn 
from  time  to  time  as  may  be  required.  Another  portion  of  the  slag 
overflows  the  flue-bridge,  and  runs  down  the  inclined  flue  to  the  bottom 
of  the  stack,  where  it  is  allowed  to  accumulate. 

The  portion  of  the  bed  opposite  the  working-door  is  of  a  curved 
form,  and  in  the  ordinary  single  furnace  is  only  accessible  from  one  side ; 
bat  double  furnaces  have  doors  on  both  sides,  so  that  two  sets  of  pud- 
dlers  may  work  at  the  same  time  on  a  charge,  of  which  the  weight  is 
proportionately  increased. 

The  working  bed,  or  lining,  of  the  puddling- furnace  was  formerly 
composed  of  sand,  but  substances  rich  in  oxide  of  iron  are  now  employed. 
These  not  only  materially  assist  the  process,  but  also,  under  certain 
circumstances,  improve  the  quality  of  the  metal  produced.  The  cast- 
iron  bottom  is  usually  prepared  for  use  by  being  covered  with  a  layer 
of  tap-cinder  or  hammer-slag,  which  is  heated  until  it  has  assumed  a 
pasty  condition  and  is  then  worked  down  and  uniformly  spread  over  its 
surface ;  this  is  covered  by  a  thin  layer  of  fettling  composed  of  nearly 
pure  oxide  of  iron.  The  thickness  of  the  finished  coating  need  not 
exceed  1^  inch,  and  the  first  charge  should  consist  of  scrap-iron,  or  of 
waste  blooms  and  refined  metal     Grey-pig  should  not  be  puddled  alone 
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before  the  refractory  lining  has  become  sufficiently  consolidated  to  resist 
the  action  of  silica  resulting  from  the  oxidation  of  silicon  contained  in 
the  metal. 

The  side-plates  of  the  hearth  as  well  as  the  bottom  require  to  be  lined 
with  some  substance  rich  in  oxide  of  iron ;  the  best  materials  for  this  are 
the  pure  oxides  of  iron,  such  as  haematite,  magnetite,  or  roasted  spathoee 
ore,  free  from  earthy  matter.  Roasted  tap-cinder,  known  as  huU-dog^  is 
extensively  used,  as  is  also  purple  orcy  or  blue  billy,  which  is  the  residue 
from  the  treatment  of  roasted  cupriferous  Spanish  and  Portuguese  pyrites 
by  the  wet  process  for  extracting  copper.^ 

Other  substances  are  occasionally  employed  for  fettling,  but  in 
selecting  materials  for  this  purpose  all  such  as  contain  a  notable  quantity 
of  quartz  should  be  carefully  avoided.  The  presence  of  a  certain  amount 
of  clay  is  only  injurious  as  diminishing,  in  some  degree,  the  durability 
of  the  lining.  The  most  desirable  material  for  fettling  is  what  is  known 
as  bed  tap,  which  is  the  cinder  from  a  re-heating  furnace  in  which  piles 
of  wrought-iron  are  prepared  for  rolling  on  a  cast-iron  bottom,  known  as 
a  cinder-bottom,  in  contradistinction  to  the  original  brick  hearth  covered 
with  sand.  A  furnace  fettled  wholly  with  best  tap  so  affects  the  quality 
of  the  metal  produced,  that  good  iron  may  be  made  even  from  cinde^pig, 
while  from  pig  of  fair  quality  the  weight  of  puddle-bar  produced  is 
greater  than  that  of  the  pig-iron  operated  upon.  Titanic  iron  ore,  or 
ilmenite,  forms  a  very  durable  fettling,  but  is  said  to  render  the  iron 
cold-short.  The  process  of  refining  iron  in  the  old  refinery  is  still  carried 
on  in  some  works,  but  has,  to  a  large  extent,  been  superseded  by  pig- 
boiling,  or  puddling  pig-metal  without  previous  preparation. 

The  process  of  puddling  may  be  described  as  including  four  distinct 
operations,  namely,  the  melting-down  of  the  charge ;  its  incorporation  at 
a  low  heat  with  oxidizing  fluxes ;  the  elimination  of  carbon  by  stirring, 
with  exposure  to  air  at  a  high  temperature ;  and,  finally,  the  preparation 
of  balls  of  spongy  metal  suitable  for  squeezing  or  hammering.  Although 
susceptible  of  considerable  modification,  the  following  may  be  considered 
as  a  general  outline  of  the  ordinary  method  of  puddling. 

As  soon  as  the  charge  has  been  introduced  into  the  previously  heated 

^  The  average  composition  of  this  substance  is  as  follows : 

FesOs        .        .  .         .  9600 

Pb  (as  sulphate)  .        .    0*76 

Ca 0-20 

S 036 

P none 

Ca 0-40 

Na 0-10 

Co,As  and  CI     ...        .  traces 
Insoluble  residue,  &C.  .    2*11 

99*92 
Metallic  iron     ....  67*00 
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furnace,  the  working-door  is  closed,  and  the  joints,  if  necessary,  luted 
with  clay ;  the  grate  is  also  pricked,  fresh  fuel  added,  and  the  firing-hole 
stopped  with  slack,  in  order  that  no  air  may  enter  except  through  the 
ash-pit  At  the  expiration  of  ahout  a  quarter  of  an  hour,  when  the  metal 
begins  to  soften,  the  puddler  introduces  a  bar  or  rabble  through  the  notch  in 
the  bottom  of  the  working-door,  and  removes  any  unmelted  lumps  from  the 
sides  of  the  furnace  to  the  middle  of  the  hearth.  The  lire  is  now  increased 
during  a  few  minutes,  and  as  soon  as  the  metal  has  become  uniformly 
liquid  it  is  briskly  stirred,  the  temperature  being  at  the  same  time 
gradually  lowered  by  partially  closing  the  damper-  on  the  top  of  the 
stack,  until  the  surface  of  the  charge  has,  by  the  formation  of  a  cover- 
ing of  slag,  become  protected  from  further  oxidation  by  the  action  of 
the  air  passing  through  the  furnace.  The  management  of  the  operation 
immediately  after  charging  is  more  or  less  varied  in  accordance  with  the 
nature  of  the  metal  treated.  With  grey-iron,  which  becomes  exceedingly 
liquid  when  fused,  the  fragments  may,  when  the  furnace  is  sufficiently 
hot,  be  distributed  equally  over  the  bed ;  when,  however,  it  is  less  highly 
heated,  the  pigs  of  metal  are  piled  near  the  fire-bridge,  and  as  the 
operation  proceeds  and  the  heat  increases,  the  unmelted  portions  are 
drawn  into  the  centre,  and  forced  beneath  the  surface  of  the  fused  slag. 
When,  on  the  contrary,  white  or  refined  iron  is  operated  upon,  it  is 
advantageous  to  bring  the  furnace  to  a  high  heat  before  the  introduction 
of  the  charge.  By  this  means  the  metal  is  made  to  fuse  more  rapidly, 
and  is  less  subject  to  oxidation  than  when  the  operation  is  more 
prolonged. 

In  order  to  obtain  the  full  benefit  of  the  oxidizing  power  of  the  slags, 
it  is  necessary  that  they  should  be  intimately  incorporated  with  the  metal, 
and  for  this  purpose  the  draught  is  checked,  the  temperature  lowered, 
and  the  charge,  while  in  a  pasty  state,  well  stirred.  Hammer-slag  or 
mill-cinder  is  also  added  for  the  purpose  of  rendering  the  slag;)  more 
basic,  and  to  compensate  for  the  silica  resulting  from  the  oxidation  of 
the  silicon  of  the  pig-iron.  As  soon  as  the  mass  has  thus  become  pasty 
the  reaction  of  the  oxides  and  silicates  of  iron  upon  the  carbon  of  the 
metal  becomes  apparent,  and  copious  blue  flames,  resulting  from  the 
combustion  of  carbonic  oxide,  make  their  appearance.  The  damper  is 
now  opened,  and  on  the  temperature  becoming  higher,  the  surface  begins 
to  boil  from  the  rapid  escape  of  carbonic  oxide ;  some  of  the  slag  is  run 
oSj  and  the  action  is  accelerated  by  stirring  with  a  hooked  iron  bar  or 
rabble.  At  this  point  the  puddler,  using  the  side  of  the  door-frame  as  a 
fulcrum,  sweeps  every  portion  of  the  bed  from  the  centre  towards  the 
bridges,  and  in  order  to  prevent  the  tool  from  becoming  too  hot  and 
adhering  to  the  metal,  it  requires  to  be  frequently  changed.  On  being 
taken  out  of  the  furnace  it  is  cooled  in  a  cistern  or  water-boshy  by  which 
the  adhering  cinder  becomes  detached,  and  the  hook  at  its  end  is  after- 
wards hammered  into  shape.  In  proportion  as  the  carbon  becomes  eli- 
minated, the  violence  of  the  ebullition  is  diminished,  the  mass  begins 
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to  stiflten,  or  **  come  to  nature,"  and  malleable  iron  begins  to  make  its 
appearance.  To  prevent  a  too  rapid  agglomeration  of  the  charge,  the 
contents  of  the  furnace  are  again  broken  up,  and  thoroughly  mixed  by 
stirring ;  any  pasty  lumps  adhering  to  the  sides  are  detached,  and  the 
mass  is  subjected  to  a  final  heat  for  the  purpose  of  rendering  the  cinder 
perfectly  liquid,  and  thereby  facilitating  its  separation  from  the  metal 

The  last  operation  consists  in  forming  the  metal  into  balls ;  this  is 
done  by  detaching  from  the  charge  masses  each  weighing  from  60  to 
80  Iba,  and  compressing  them  with  the  tool  until  they  have  acquired 
sufficient  coherence  to  admit  of  being  moved  without  falling  to  pieces. 
This  may  be  effected  either  by  pressure  against  the  bottom  and  sides 
of  the  furnace,  or  by  so  rolling  a  small  nucleus  of  metal  on  the  hearth 
as  to  collect  other  fragments  which  become  attached  to  it  by  welding. 
As  soon  as  a  ball  has  been  thus  prepared,  the  workman,  by  means  of  a 
strong  iron  tool,  places  it  close  to  the  fire-bridge  on  the  far  side  of  the 
furnace,  for  the  purpose  of  protecting  it  against  the  action  of  the  air 
entering  the  working-door  and  passing  off  by  the  chimney ;  the  making 
of  the  second  ball  is  then  at  once  proceeded  with  in  like  manner,  and 
when  the  whole  charge  has  been  bailed  up,  the  working-door  and  stopper- 
hole  are  closed  and  the  last  heat  given. 

Finally,  the  balls  are  drawn^  one  by  one,  to  the  working-door, 
lifted  by  suitable  tongs  to  the  iron  table  in  front  of  it,  and  afterwards, 
either  dragged  along  the  floor,  or,  more  frequently,  carried  on  a  small 
wrought-iron  truck  to  the  machine  by  which  the  shingliTig  or  first  com- 
pression of  the  metal  is  effected. 

The  old  system  of  dry  puddling  is  applicable  to  the  treatment  of 
white  or  refined  metal  only,  and,  as  before  stated,  the  oxidation  of  the 
carbon  is  more  dependent  on  the  action  of  atmospheric  air  than  it  is  in 
pii^-boiling ;  the  quantity  of  slag  produced  is  also  considerably  less.  By 
this  process,  as  soon  as  the  metal  has  been  melted  down  and  has  assumed 
a  pasty  state,  it  is  broken  up  and  kept  constantly  stirred  for  the  purpose 
of  incorporating  with  it  the  oxide  produced  during  the  operation.  The 
charge  of  the  furnace  is  maintained  in  a  partially  fused  or  pasty  state, 
and  the  stirring  goes  on  almost  continuously  from  the  running-down  to 
the  balling-up.  As,  however,  the  use  of  sand  bottoms  is  attended  with 
great  loss  of  iron,  and  the  metal  produced  is  of  inferior  quality,  they 
liave,  at  the  present  time,  become  obsolete. 

The  charge  of  a  puddling-fumace  is,  in  Staffordsliire,  from  4  to 
4 J  cwts.,  and  from  five  to  seven  heats  are  worked  off  by  a  puddler  and 
his  assistant  during  a  turn  of  twelve  hours ;  the  difference  of  weight 
between  the  pig-iron  charged  and  the  puddled  bars  obtained  is  from 
7  to  10  per  cent.  The  coal  consumed  is  about  equal  in  weight  to 
the  puddled  bars  made,  and  the  fettling  materials  required,  per  turn, 
are  from  6  to  7  cwts.  of  bull-dog,  and  2  to  3  cwts.  of  puddler's  ore,  or 
blue  billy,  to  which  must  be  added  the  mill-scale  introduced  into  the 
charges.     In  Scotland,  where  dark-grey  metal,  containing  a  large  amount 
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of  Bilicon,  is  paddled  without  being  previously  refined,  from  four  to  five 
beats  only,  each  of  4  cvts.,  are  made  in  twelve  hours ;  in  this  case  the 
loss  experienced,  from  pig-iron  to  puddled  bars,  is  from  15  to  18  per  cent, 
and  the  consumption  of  coal  per  ton  of  the  latter  varies  from  25  to 
26  cwta.  In  Cleveland  the  consumption  of  small  coal  is  from  24  to  27 
cwts.  per  ton  of  puddled  bars  made. 

Wrought-iron  of  very  superior  quality  is  manufactured  in  the  West 
Riding  of  Yorkshire  from  cold-blast  refined  metal.  The  furnace  em- 
ployed is  of  comparatively  small  size,  and  is  provided  with  a  very  high 
stack,  for  the  purpose  of  insuring  a  strong  draught  The  charge,  weigh- 
ing 3  cwts.,  is  heated  to  redness  before  its  introduction  into  the  furnace, 
and  the  melting-down  is  effected  in  from  twenty  to  twenty-five  minutes ; 
the  whole  operation  occupies  about  one  hour  and  twenty  minutes,  and 
nine  heats  are  made  in  the  course  of  twelve  hours.  Three  or  four 
halls  only  are  obtained  from  each  heat,  which,  after  shingling  under  a 
helve-hammer,  are  tnade  into  stamps  from  10  to  12  inches  square  and 
2^  inches  in  thickness ;  these  are  broken  by  the  fall  of  a  heavy  weight, 
and  subsequently  assorted  in  accordance  with  the  nature  of  the  fracture 
which  they  severally  exhibit  Those  which  are  most  uniformly  crystal- 
line are  employed  for  the  manufacture  of  hard  bars,  while  those  showing 
a  distinct  fibre  are  reserved  for  making  into  boiler-plates  and  wire-rods. 
The  consumption  of  coal  is  about  30  cwts.  per  ton  of  fine  metal  treated. 
In  Belgium  the  coal  consumed  is  usuaUy  equal  in  weight  to  the  puddled 
bars  obtained,  and  the  loss  on  cast-iron  is  from  7  to  10  per  cent,  accord- 
ing to  the  quality  of  the  metal  operated  on. 

Puddling  in  Oas  Furnaces, — In  Carinthia  gas  puddling-furnaces  are 
employed,  the  fuel  being  air-dried  wood,  which  is  converted  into  gas  in 
a  generator  liaving  a  capacity  of  about  14  cubic  feet ;  air  is  introduced 
near  the  bottom  at  a  pressure  of  half  an  inch  of  mercury,  and  the  com- 
bustion of  the  gases  is  effected  by  a  second  blast  brought  in  imme- 
diately above  the  fire-bridge,  through  an  oblong  tuyer  extending  the  whole 
width  of  the  hearth.  This  blast  is  heated  to  a  temperature  of  200**  C,  by 
passing  through  the  hollow  side-plates  of  the  furnace,  and  a  second  bed, 
situated  between  the  puddling-fumace  and  the  chimney,  is  used  for  heat- 
ing up  the  metal  which  is  to  constitute  the  next  charge.  In  Styria, 
lignite  is  sometimes  employed  for  puddling,  the  consumption  being  from 
22  to  24  cwts.  per  ton  of  blooms,  and  the  loss  of  weight  on  the  metal 
from  6  to  10  per  cent  From  200  to  280  cubic  feet  of  wood  are  required 
to  produce  1  ton  of  blooms,  and  from  240  to  360  cubic  feet  of  turf  are 
capable  of  yielding  the  same  result;  the  consumption  does  not  appear 
to  differ  materially,  whether  it  be  consumed  on  an  ordinary  grate  or 
converted  into  gas.  A  gas  puddling -furnace  employed  at  Neustadt 
(Hanover),  in  which  turf  is  the  fuel  used,  is  represented,  figs.  88, 89,  of 
^hich  the  first  is  a  longitudinal,  and  the  second  a  horizontal  section 
above  the  level  of  the  hearth.  The  gas-generator,  A,  is  supplied  with 
fael  by  the  hopper,  a,  and  at  bottom  is  provided  with  a  set  of  fire- 
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bars,  h ;  the  air  necessary  for  the  conversion  of  the  carbon  of  the  turf 
into  carbonic  oxide  gas  is  supplied  from  the  blast-main  of  the  estab- 
lishment, through  the  tap,  c,  passing  into  the  ash-pit  beneath  the  bars. 
Another  portion  of  the  blast  enters  the  cast-iron  sides,  d,  of  the  hearth 
through  the  pipes,  e,  whence,  after  becoming  to  a  certain  extent  heated, 


Fig.  88.— Puddling-Fumace,  Neustiidt ;  longitudinal  section. 

^ k^ 


Fig.  89.— Puddling-Furnace,  Neuatadt ;  horicontal  section. 

it  passes  off  by  the  pipe,  /,  to  the  heater,  g,  which  covers  the  flue  of  the 
furnace.  This  is  made  of  cast-iron  with  a  sheet-iron  top,  and  has  a 
number  of  divisions  cast  on  the  lower  plate,  through  which  the  blast  cir- 
culates in  a  zigzag  direction.  Here  the  air,  which  has  become  heated  by 
passing  through  the  sides  of  the  hearth,  is  further  elevated  in  temperature, 
and  escaping  by  the  pipe,  h^  is  conducted  to  the  inclined  tuyer,  «,  which 
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is  oblong  in  form  and  extends  completely  across  the  bridge.  The  bottom 
and  side-platea  of  the  hearth,  B,  are  shown  in  the  drawing  without  any 
lining,  but  this  requires  to  be  added  before  the  furnace  can  be  used  for 
puddling ;  the  heated  gases  escaping  from  the  apparatus  are  finally  utilized 
bj  passing  under  and  around  the  steam-boiler,  G. 

Among  the  various  contrivances  employed  for  puddling  cast-iron, 
Siemens'  regenerative  gas-furnace  is  of  great  importance.  The  way  in 
which  this  principle  is  applied  is  shown,  figs.  25,  26,  27,  which  represent 
a  gas  re-heating  furnace  on  this  plan.  The  difference  in  general  form 
between  a  re-heating  and  a  puddling-fumace  is  not  very  great,  and  con- 
sequently it  will  be  easy,  in  consulting  drawings  of  the  one,  to  understand 
the  application  of  the  system  to  the  other. 

Two  men,  a  puddler  and  his  assistant,  usually  conduct  the  working  of 
each  furnace ;  the  former  does  the  heaviest  portion  of  the  work,  including 
making  up  the  balls,  while  the  latter  attends  to  the  firing,  and  also  does  a 
portion  of  the  stirring  and  rabbling. 

The  tools  employed  in  puddling  are  of  two  kinds,  namely,  long 
straight  chisel-shaped  bars  or  puddles,  and  hooked  flat-ended  bars  or 
rabbles.  When  withdrawn  from  the  furnace,  the  ends  of  these  are 
coated  with  molten  cinder^  which  is  removed  by  quenching  in  a  cistern 
of  cold  water. 

Various  attempts  have  been  made  to  puddle  iron  by  machinery,  and 
the  methods  proposed  for  efifecting  this  object  may  be  classified  under  two 
distinct  heads,  namely,  by  imitating  the  motions  of  hand-stirring  by 
mechanical  appliances,  and  by  using  rotatory  or  oscillatory  hearths. 

Mechanical  Rabbles, — ^For  some  time  mechanical  rabbles  have  been 
attached  to  puddling-fumaces  for  the  purpose  of  diminishing  the  heavy 
labour  of  stirring ;  they  are,  however,  useless  in  the  laborious  operation 
of  balling,  and  their  adoption  has  not  become  general. 

In  Eastwood's  mechanical  stirrer,  which  is  one  of  the  simplest  machines 
of  this  class,  the  rabbling-tool  is  suspended  in  a  stirrup  at  the  end  of  a 
bent  lever,  which  receives  a  reciprocating  motion  by  means  of  a  crank. 
The  centre  of  oscillation  of  this  lever  is  at  the  extremity  of  an  inclined 
jib,  to  which  a  lateral  motion  is  imparted  by  a  rod  working  on  a  pin 
attached  to  a  screw-wheel,  driven  by  a  worm  on  the  crank-shaft.  Motion 
is  given  fo  this  arrangement  by  a  chain  passing  over  a  pulley,  and  the 
rabble  is  moved  backwards  and  forwards  across  the  hearth,  once  in  each 
revolution,  while  at  the  same  time  its  point  of  suspension  is  shifted  a 
short  distance  by  the  movement  of  the  jib,  caused  by  the  screw-gearing. 
In  this  way  a  compound  motion  is  communicated  to  the  tool,  which 
causes  it  to  travel  gradually  over  every  portion  of  the  furnace  bottom. 
This  apparatus  is  bolted  to  the  casing-plates  of  the  furnace,  and  the 
driving-pulley  is  connected  to  the  shaft  by  a  fast-and-loose  clutch.  The 
furnaces  of  Tooth,  Menelaus,  and  Banks  are  themselves  movable. 

Rotative  Furnaces, — ^The  first  experiment  with  a  rotative  furnace 
Attended  with  any  degree  of  success  was  that  of  Tooth,  who  used  a 
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wrongblriron  cylinder  lined  with  fire-brick;  this  was  made  to  revolTO 
between  a  fire-place  and  the  flue  leading  to  a  chimney ;  the  flames  passed 
through  the  cylinder,  and  the  balls,  when  ready,  were  withdrawn  from 
the  end.  It  was  found  that  the  brick  lining  of  this  machine  rapidly  wore 
away,  and  that  the  iron  was  imperfectly  puddled,  as  the  mass  obtained 
frequently  enclosed  a  central  lump  of  unchanged  cast-iron. 

Menelaus  improved  upon  Tooth's  machine,  and  the  results  obtainetl 
were  much  more  satisfactory.  The  rotating  portion  was  egg-shaped 
inside;  the  idea  being  that  whereas  in  Tooth's  machine  the  iron  was 
simply  rolled  round,  in  the  elliptical  revolver,  from  the  different  dia- 
meters at  various  parts,  the  action  would  be  to  so  break  up  the  iron  as 
not  to  form  a  cylindrical  mass  like  that  produced  in  Tooth's  machine ; 
thus  in  turn  exposing  every  portion  to  the  oxidizing  action  of  the  air  and 
cinder.  This  revolver  was  removable,  and  by  means  of  a  crane  and  a  pair 
of  trunnions  was  moved  from  the  fire-place,  tilted  on  end,  and  the  lump 


Fig.  90.— Danlu'  Puddling-Machine ;  longitudinal  section. 

of  iron  turned  out,  in  one  mass,  upon  a  bogie,  and  taken  to  the  hammer. 
The  experiments  of  Menelaus  appear  to  have,  practically,  failed  to  give 
satisfactory  results  solely  on  account  of  the  difficulty  experienced  in  find- 
ing a  suitable  lining;  he  first  tried  ganister  and  various  descriptions  of  brick 
and  ilmenite.  Ilmenite  was  found  to  stand  best,  but  it  was  difficult  to 
fix  it  in  the  furnace,  and  it  moreover  made  the  iron  cold-short. 

Danks'  rotative  puddling-fumace,  which  was  invented  in  America, 
and  subsequently  introduced  into  this  country  upon  a  large  scale  after 
being  favourably  reported  upon  by  a  Commission  of  the  Iron  and  Steel 
Institute,  is  represented  in  longitudinal  section,  fig.  90,  and  in  end  elevar 
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lion,  partly  section  through  the  revolving  chamber,  fig.  91 ;  ^g.  92  is  an 
elevation  of  the*  movable  end-piece  and  flue.     The  revolving  cylindrical 


Fig.  01.— Danka'  Puddling-Machine ;  end  elevation,  portly  section. 


Fig.  92.— Danks'  Puddling-Uachine  ;  end-piece. 

chamber,  A,  is  made  with  wedge-shaped  recesses,  which  act  mechanically 
in  retaining  the  initial  lining  in  its  place.  This  first  lining  may  be  com- 
posed of  any  iron  ore,  free  from  silica,  ground  with  cream  of  lime  ;  this 
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is  introduced  in  the  state  of  mortar,  and  when  dry  becomes  a  refractory 
and  sufficiently  coherent  material  to  allow  of  the  fettling  being  melted 
upon  it  without  either  molting  itself  or  breaking  away  from  the  plates. 
The  ore  employed  for  mixing  with  the  lime  should,  by  preference,  be 
anhydrous,  since  otherwise  the  removal  of  its  water  of  combination,  by 
the  heat  to  which  it  is  exposed,  is  liable  to  cause  the  crumbling  of  the 
mass. 

Upon  this  foundation  a  quantity  of  any  ore,  free  from  silica,  may  be 
melted,  and  for  this  purpose  the  hydrated  vdrieties  may  be  employed,  as 
their  combined  water  is  rapidly  driven  off.  Into  the  bath  of  melted  ore 
thus  obtained,  large  solid  lumps  of  the  same  material  are  thrown,  and 
these,  being  cold,  cause  the  melted  ore  to  set  round  them,  and  by  firmly 
fixing  them  in  their  places  a  rough  internal  lining  is  produced.  It  is  not 
only  necessary  that  these  lumps  should  be  moderately  free  from  silica, 
but  also  that  their  texture  should  be  such  as  to  prevent  their  crumbling 
by  heat ;  this  was  found  to  be  the  case  with  ilmenite.  Best  tap-cinder 
answers  this  purpose  very  well,  and,  when  suitable  ores  cannot  be  obtained, 
oxidized  scrap-iron  may  be  substituted  with  advantage.  The  Danks  furnace 
has  a  closed  ash-pit,  the  necessary  air  being  supplied  by  a  fan-blast 
through  the  pipe,  B;  jets  of  air  are  also  introduced  over  the  fuel  by 
the  nozzles,  c,  in  connection  with  the  air-main,  C ;  these,  which  extend 
the  whole  width  of  the  bridge,  enable  the  puddler  in  charge  of  the 
machine  to  regulate  the  draught,  and  he  has  thus  complete  control  over 
the  furnaca 

As  time  is  lost,  and  a  considerable  amount  of  fuel  expended  in  melt- 
ing the  charge  in  the  revolving  furnace,  the  pig  should  either  be  fused  in  a 
cupola  or  run  directly  from  the  blast-furnace  in  which  it  is  produced.  A 
jet  of  water  is  directed  against  the  lining  on  the  descending  side,  for  the 
purpose  of  chilling  a  portion  of  the  liquid  cinder  and  causing  it  to  be 
carried  under  the  metal.  Mr.  Snelus  is  of  opinion  that  this  has  also  the 
effect  of  carrying  off  sulphur  from  the  cinder,  as  in  the  case  of  Parry's 
steam-refinery. 

When  grey  pig-iron  is  treated,  the  boil  commences  in  about  ten 
minutes^  but  with  white-pig  it  begins  in  two  or  three  minutes  only  after 
melting.  After  tapping  off  the  cinder,  the  cylinder  is  set  in  motion  and 
the  fire  urged ;  the  iron  now  begins  to  boil  violently,  and  carbon  becomes 
rapidly  oxidized.  But  little  cinder  is  produced  during  this  portion  of 
the  operation,  and  the  greater  part  of  it  is  removed  with  the  ball  An 
ingenious  arrangement,  consisting  of  a  movable  end-piece,  fig.  92,  at 
the  back  of  the  flue,  permits  the  ball  to  be  removed  from  the  Danks 
furnace  by  a  fork  worked  by  a  crane,  by  which  it  is  placed  on  a  bogie 
and  carried  to  a  hammer  or  squeezer.  The  revolving  cylinder.  A,  is  sup- 
ported on  friction  rollers,  d,  and  is  set  in  motion  by  the  pinion,  «,  working 
in  the  toothed  segments^  /.  G  is  the  firing-hole,  and  h  the  passage  for 
the  flame  and  gases  into  the  cylinder ;  i  is  the  chimneynstack,  k  the 
stationary  flue,  I  suspension-rods  with  swivels,  in  water-pipes,  n  water- 
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front  or  movable  piece,  0  supports,  p  stopper-hole,  q  tapping-hole.  The 
firing-hole,  G,  has  a  coil  of  wrougbt-iron  pipe  cast  in  its  lining  for  the 
purpose  of  allowing  the  circulation  of  a  stream  of  water  to  keep  it  cool, 
and  the  bridge-plate  between  the  fire  and  the  charge  of  metal  has  also 
a  coil  of  water-pipe  cast  into  it  for  the  same  purpose. 

In  Banks'  machine  the  puddling  is  entirely  effected  by  the  fettling, 
the  carbon,  silicon,  and  phosphorus  being  almost  completely  oxidized  by 
it,  and  by  the  cinder  introduced.  The  separation  of  silicon,  sulphur,  and 
phosphorus,  by  this  apparatus,  is  said  to  be  more  perfect  than  by  hand- 
puddling,  and  the  inventor  alleges  that  the  more  silicon  and  phosphorus 
the  pig  contains  the  better  will  be  the  quality  of  the  iron  produced. 
Strange  as  this  statement  may  appear,  it  is  confirmed  by  Eiley,  who 
says  that  the  views  of  Mr.  Danks  seemed  to  be  borne  out  by  the  results 
of  the  working  of  the  machine  in  this  country. 

The  weight  of  the  ball  beuig  about  650  lbs.,  which  is  larger  than 
could  be  conveniently  handled  in  the  ordinary  squeezer,  Mr.  Danks 
designed  a  special  machine  for  shingling,  which  will  be  described  when 
treating  of  forge-machinery.  Iron  thus  produced,  after  being  thoroughly 
squeezed  and  re-heated,  can  be  rolled  out  at  once  into  a  rail  or  large  bar, 
without  the  operation,  now  required,  of  rolling  into  puddle-bar,  piling, 
re-heating,  and  again  rolling. 

The  Danks  furnace,  as  orginally  constructed,  has  been  found  incapable 
of  sustaining  the  wear  and  tear  of  continuous  working  for  any  lengthened 
period,  and  has  therefore  been  nearly,  if  not  entirely,  abandoned,  both  in 
£uiope  and  America.  At  Creusot  it  is  used  in  an  improved  form,  having 
the  revolving  portion  surrounded  by  a  water-jacket,  which  cools  the 
cylinder  and  preserves  its  shape.  There  is  also  a  projecting  central  bridge 
Hkewise  cooled  by  water,  which  divides  the  inside  into  two  parts.  The 
movable  flue-piece  is  hinged,  and  can  be  moved  in  or  out  of  the  working 
portion  by  a  rack-and-pinion  gearing  similar  to  that  of  the  Bessemer  con- 
verter. The  metal,  charged  in  the  melted  state  in  quantities  of  20  cwts. 
at  a  time,  is  brought  to  the  balling  condition  in  about  half  an  hour,  with 
a  loss  of  about  15  per  cent,  giving  a  mass  of  puddled  iron  weighing  17 
cwts.,  divided  into  two  parts  by  the  bridge,  which  are  shingled  separately. 
The  consumption  of  fuel  is  from  9  to  10  cwts.  per  ton  of  blooms,  exclu- 
sive of  that  required  for  melting  the  pig-metaL  The  lining  requires 
to  be  completely  renewed  after  working  ten  or  twelve  charges,  or  about 
once  in  twenty-four  hours. 

A  revolving  puddling-machine  has  also  been  invented  by  Mr.  Spencer, 
of  the  West  Hartlepool  Iron- Works.  His  converter  is  rhomboidal  in  form, 
having  at  its  two  opposite  ends  axes  at  right  angles  to  the  extremities  or 
discs.  These  are  made  to  revolve  on  rollers  by  suitable  gearing.  The 
sides  are  honeycombed  to  retain  the  fettling,  consisting  of  best  tap,  which 
is  introduced  into  the  recesses,  and  fresh  tap  melted  over  it  Experiments 
luade  with  this  apparatus  have  shown  that  the  silicon  and  phosphorus 
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are  almost  completely  removed  by  it  from  Cleveland  pig-iron  containing 
above  2  per  cent  of  the  latter  element 

Forgb-Maohinbrt  and  Operations. — That  portion  of  an  iron-works 
in  which  paddled  blooms  or  rough  bars  are  produced,  including  paddling- 
furnaces,  shingling- machines,  and  puddling -rolls,  is  called  ihe  forge  ; 
while  those  portions  of  the  establishment  in  which  rough  bars  are  re- 
heated and  transformed  into  finished  or  merchant  iron,  are  known  as  the 
viilL  This  department  comprehends  the  re-heating  or  balling-furnaces, 
together  with  the  mills  and  other  appliances  employed  in  the  production 
of  bars,  plates,  sheets,  or  other  merchantable  form& 

Hammers, — The  compression  of  the  rough  balls  of  malleable  iron 
into  blooms  is  effected  by  the  use  of  either  hammers  or  squeezers,  the 
former  acting  by  percussion  and  the  latter  by  compression.  In  the 
puddling-forge,  the  blooms  thus  obtained  are  also  converted  into  rough 
bars  by  passing  them,  at  the  same  heat,  through  a  roUing-milL  Ham- 
mers of  two  kinds  only  were  formerly  employed  in  the  preparation  of 
blooms ;  in  the  first,  or  tilt-hammer,  th^  axis  is  placed  between  the  point 
where  the  cam  acts  upon  the  shaft  and  the  head,  while  in  lifting-hammers, 
or  helves,  the  hammer^block  and  lifting-cam  are  both  on  the  same  side  of 
the  fulcrum.  Both  are,  however,  now  very  generally  superseded  by  the 
steam-hammer. 

Tilt-hammers  are  usually  small  in  size,  and  are  driven  at  a  con- 
siderable speed,  being  used  rather  in  drawing  out  bars  and  finishing 
work  generally,  than  for  shingling  blooms.  The  shaft  is  made  of  one  or 
more  beams  of  straight-grained  timber,  which,  in  the  latter  case,  are 
hooped  together  with  wrought-iron  rings,  and  the  pivots  either  pass 
through  the  shaft  or  are  moi*e  frequently  attached  as  trunnions  to  a 
strong  broad  hoop.  The  head  has  usually  somewhat  the  form  of  a 
sledge-hammer ;  the  general  arrangement  of  a  hammer  of  this  description 
is  shown  in  figs.  83,  84,  pp.  285-6. 

Helve-hammers  are  of  two  kinds :  the  nose,  or  frontal  helve,  in  which 
the  cam  acts  upon  a  projection  immediately  in  front  of  the  hamme^ 
block ;  and  the  belly  helve,  which  has  the  cam-shaft  below  the  level  of 
the  floor,  and  which  acts  upon  it  about  midway  between  the  fulcrum 
and  the  head.  Hammers  of  this  description,  such  as  were  formerly  in 
general  use  in  puddling- forges,  have  been  made  of  all  weights  up  to 
10  tons ;  the  most  usual  sizes  are  from  5  to  7  tons,  giving  from  seventy 
to  seventy-six  blows  per  minute,  with  a  lift  of  from  16  to  18  inches. 
In  order  to  avoid  injury  to  the  machine,  the  hammer  is  never  allowed 
to  fall  directly  upon  its  anvil,  and,  with  this  object,  when  not  in 
use,  a  stop,  or  gag,  is  placed  between  them.  When  this  has  to  he 
removed,  a  piece  of  iron  is  placed  on  the  tongue,  of  sufficient  thickness 
that,  on  the  cam  coming  in  contact  with  it,  the  hammer  is  lifted  dear  of 
the  prop,  which  may  then  be  removed  and  th6«jnachine  again  brought 
into  working  order.  The  foundation  usually  conlsists  of  a  solid  bedding 
of  wood,  containing  from  1,000  to  1,500  cubic  feet  of  oak,  capped  by  a 
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east-iron  bed-plate  weighing  from  10  to  12  tons,  and  measuring  about 
24  feet  by  7  feet.  Two  standards,  a,  fig.  93,  for  carrying  the  helve,  are 
fixed  on  the  bed-plate  in  strong  jaws,  and  a  third,  5,  for  carrying  the 
cam-shaft,  e,  is  secured  in  the  same  way.  The  helve,  which  is  T-shaped 
in  plan,  is  about  8  feet  in  length,  6  feet  in  width  at  the  centre  of 
vibration,  d,  2  feet  in  depth,  and  12  inches  wide  in  the  middle;  at  the 
end  furthest  from  the  point  of  suspension  is  a  recess  18  inches  square,  on 
the  lower  side,  for  receiving  the  hammer-face,  e.  The  anvil-block  stands 
on  the  bed-plate  under  the  centre  of  the  hammer-face,  and  has,  on  its 
upper  side,  a  face,  /,  similar  to  that  of  the  hammer.  The  helve  is  lifted 
by  a  revolving  cam-ring,  ^,  about  five  feet  in  diameter,  having  four  cams 
or  wipers  on  its  circumference,  which,  coming  in  contact  with  it^  raise  it, 
and  passing  onwards,  allow  it  to  fail  upon  the  bloom  resting  on  the 
anvil  beneath.     The  following  are  the  approximate  weights  of  the  castings 


Fig.  98.  -HelT»*HMnmer,  Dowlais ;  from  Tniran. 

employed  in  the  construction  of  a  hammer  of  moderate  size :  Bed-plate, 
11  tons;  helve-staud,  3  tons;  helve,  5|^  tons;  hammer-face,  15  cwts. ; 
anvil-block,  5^  tons;  anvil-face,  16  cwts.;  standards  under  cam-ring 
shaft,  2^  tons ;  cam-ring  shaft,  7  tons ;  cam-ring,  4^  tons ;  four  cams, 
24  cwts. ;  total,  41^  tons. 

The  puddled  ball  having  been  placed  on  the  anvil,  the  helve  is  lifted 
off  the  prop  by  a  boy,  who  holds  a  small  iron  block  beneath  the  tongue, 
which,  coming  in  contact  with  the  wiper,  the  prop  is  withdrawn  and  the 
hammer  descends  upon  the  balL  The  helve  is  lifted  by  the  several 
wipers  as  they  pass  in  succession,  and  the  ball  is  converted  into  a  bloom 
in  from  eighteen  to  thirty  seconds,  during  which  time  it  receives  from 
fifteen  to  twenty  blow& 

The  working-faces  of  both  hammer  and  anvil  are  subject  to  great  wear 
and  tear,  and  require  to  be  frequently  replaced ;  they  may  be  rendered 
more  durable  by  causing  a  current  of  water  to  circulate  constantly  through 
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them ;  but  this  expedient,  introduced  by  Condie,  the  inventor  of  the 
wateMuyer,  was  never  generally  adopted. 

The  steam-hammer  is  now  generally  preferred  to  the  helve  for 
shingling  and  balling  purposes,  and  is  thus  employed  in  nearly  all  the 
more  recently  erected  forges.  It  essentially  consists  of  a  vertical  high- 
pressure  engine,  with  an  inverted  cylinder,  supported  by  a  framing, 
often  consisting  of  two  heavy  cast-iron  standards.  The  piston-rod, 
which  passes  through  the  lower  cover  of  the  cylinder,  is  directly  attached 
to  a  heavy  block  or  tup  moving  vertically  between  guides  on.  the  inner 
faces  of  the  standards.  In  single-acting  hammers,  steam  is  admitted  on 
one  side  only  of  the  piston,  so  as  merely  to  raise  the  tup,  which,  on  the 
connection  with  the  boiler  being  cut  o£^  falls  with  its  whole  weight,  the 
steam  escaping  by  an  exhaust-port  which  is  opened  when  the  steam  pas- 
sage is  closed ;  double-acting  hammers  are  also  made,  in  which  the  force 
of  the  blow  is  increased  by  admitting  steam  on  the  upper  surface  of  the 
piston,  and  thus  accelerating  its  descent  The  steam-hammer  possesses  a 
great  advantage  over  those  of  the  ordinary  construction,  inasmuch  as  it 
admits  of  the  force  of  the  blow  being  regulated  in  accordance  with  the 
requirements  of  the  work  in  hand.  This  is  done  by  throttling  the 
exhaust  by  a  properly  constructed  valve,  and  allowing  the  piston  to  fall 
upon  a  cushion  of  steam.  This  power  of  moderating  the  force  of  the 
blow  is  of  great  advantage  in  the  shingling  of  blooms,  since  at  the  com- 
mencement it  is  often  desirable  to  consolidate  the  ball  by  short  light 
strokes,  and  afterwards,  as  the  iron  becomes  more  compact,  to  increase 
the  impact  by  lengthening  the  fall.  The  hammers  generally  used  in 
puddling  forges  vary  in  weight  from  30  to  60  cwts. ;  one  weighing  50 
cwts.  is  considered  of  sufficient  power  to  do  the  work  of  twelve  furnaces, 
and  may  be  supplied  with  steam  by  a  boiler  utilizing  a  portion  of  the 
waste  heat  of  the  establishment.  In  steel- works,  and  for  blooming  and 
forging  large  masses  of  metal,  very  heavy  hammers,  having  blocks  weigh- 
ing 80  and  even  100  tons,  are  sometimes  employed  ;  those  of  the  largest 
size  are  usually  single-acting,  the  employment  of  steam  above  the  piston 
being  chiefly  confined  to  those  of  moderate  dimensions.  Messrs.  Thwaites 
&  Carbutt,  of  Bradford,  were  the  makers  of  a  double-acting  steam- 
hammer,  of  which  fig.  94  is  a  side  elevation.  The  framing  is  princi- 
pally of  wrought-iron.  The  hammer-block,  A,  which  weighs  10  tons, 
iis  attached  to  the  piston-rod ;  the  piston  is  34  inches  in  diameter,  and 
the  stroke  7  feet  The  slide-valve  is  tubular,  and  is  so  balanced  against 
the  pressure  of  the  steam  as  to  be  easily  moved  by  the  lever,  a;  the 
stop-valve  for  regulating  the  admission  of  steam  is  worked  by  another 
lever  connected  with  the  rod,  b.  When  not  hand-worked,  the  stroke 
of  the  steam-hammer  is  determined  by  a  tappet  coming  in  contact 
with  the  end  of  a  lever  which  so  moves  the  slide-valve  as  to  allow  the 
steam  to  escape  from  below  the  piston  through  the  exhaust-pipe.  The 
hammer-man  standing  on  the  platform,  c,  has  the  lever,  a,  and  another 
in  connection  with  b,  close  at  hand,  and  at  the  same  time  commands  an 
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xrointerrnpted  view  of  the  work  in  process  of  forji^ng.  Small  hammers, 
such  as  those  used  instead  of  the  old  tilt-hammer  in  steel-works  and  for 
smithy  purposes,  are  frequently  made  with  hut  one  standard,  so  as  to 
allow  of  free  working  on  three  sides  of  the  anvil,  and,  in  some  modem 
hammers,  guides  helow  the  cylinder  are  dispensed  with.     In  that  case,  the 


Fig.  94.— Steftm-Hammer. 

piston  is  prevented  from  turning  either  hy  an  angular  piston-rod,  or  hy 
the  use  of  one  of  which  a  portion  has  been  so  planed  off  as  to  form  a 
flattened  surface ;  this,  passing  through  a  stuffing-box  having  a  similar 
section,  prevents  any  disposition  of  the  piston  to  turn  upon  its  axis. 

InCondie's  hammer  the  cylinder  is  cast  to  the  hammer-block,  and 
the  piston*rod  is  suspended  to  a  suitable  support  by  a  ball-and-socket 
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joint ;  large  steam-hammers  require  anvils  of  great  weight,  and  tbdse 
should  be  so  arranged  as  to  be  entirely  dear  of  the  foundations  sup- 
porting the  framing. 

A  ccmyenient.  foundation  for  hammers  of  moderate  sise  may  be  eon- 
strueted  of  square,  balks  of  timber  placed  on  end,  and  bedded  either  oa 
concrete  or  on*  a  mass  of  cinders  broken  small,  deposited  in  layers,  and 
well  beaten.  For  the  very  laige  hammers  used  in  steel-works,  such  as 
Krupp's  50-ton  hammer  (the  maximum  lift  of  which  is  10  feet,  and  of 
which  the  anvil  weighs  185  tons),  the  substructure  is  built  of  solid 
blocks  of  cast-iron ;  the  foundation  of  this  hammer  is  composed  of  eight 
masses  of  cast-iron,  weighing  in  the  aggregate  over  1,000  tons. 

A  30-ton  steam-hammer  is  in  use  at  the  Boyal  Gun  Factories  at 
Woolwich  Arsenal  The  building  containing  it  and  the  heating  furnaces 
measures  150  x  100  feet 

The  special  arrangements  of  the  bed-plates  are  of  a  very  massive  and 
solid  character,  and  consist  in  the  first  place  of  a  hundred  12-inch 
piles,  arranged,  at  equal  distances  apart,  in  the  form  of  a  square,  30  x  30 
feet  Around  and  between  the  piles,  for  a  depth  of  4  feet  from  their 
heads,  is  a  bed  of  concrete.  Upon  the  piles  is  laid  a  cast-iron  plate 
weighing  115  tons.  This  plate  is  in  three  parts,  and  upon  it  is  a  double 
layer  of  1^-inch  elm  planks,  the  upper  layer  being  placed  at  right  angles 
to  the  lower  one;  on  these  are  laid  two  layers  of  12-inch  oak  balks. 
Upon  these  comes  a  second  plate  of  cast-iron,  weighing  150  tons.  This 
plate  is  cast  in  two  pieces,  and  covers  an  area  of  27  x  13-5  feet  Then 
comes  a  2-feet  thickness  of  oak  timber,  placed  with  the  grain  vertical, 
or  end  on,  the  collection  of  balks  being  held  together  by  an  iron  strap  6 
inches  deep  by  2  inches  thick.  These  carry  a  third  cast-iron  plate,  12 
inches  thick,  weighing  130  ton&  Upon  this  comes  a  fourth  plate,  12 
inches  thick,  weighing  100  tons,  a  thin  packing  of  oak,  just  sufficient 
to  prevent  contact,  being  interposed  between  them. 

On  the  top  of  the  last  plate  is  placed  another  thin  oak  packing,  and 
then  the  round  anvil-block,  which  weighs  103  tons,  and  is  15  feet  in 
diameter  at  base,  tapering  to  12  feet  at  the  top. 

Upon  this  comes  a  cylindrical  anvil,  2  feet  8  inches  deep,  and  12  feet 
in  diameter,  which  weighs  between  60  and  70  tons. 

These  foundations  include  nearly  670  tons  of  cast-iron,  so  disposed 
as  to  present  the  utmost  solidity,  while  at  the  same  time  retaining  suffi- 
cient elasticity  to  prevent  any  detrimental  consequences  of  jar  from  the 
blows  of  the  hammer. 

Larger  hammers  than  those  described  above,  namely,  of  80  and  100 
tons,  have  been  erected  at  Creusot  and  Saint-Chamond  in  France,  and 
lately  at  Temi  in  Italy ;  but  even  these  are  found  to  be  unequal  to  the 
work  of  forging  very  large  masses  of  steel  (for  which  they  are  now 
mainly  required),  and  the  more  efficacious  method  of  compression  by 
hydraulio  pressure  has  now  been  generally  established  in  large  works. 

Squeezen. — These  machines^  by  which  the  compression  of  a  ball  is 
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effected  without  impact,  are  now  more  frequently  employed  for  the 
operation  of  blooming  than  the  old  helre-hammer.  Squeezers  are  of 
two  kinds :  rectproecUing  and  rotary,  Thoee  of  the  first  class  are  again 
distinguished  as  single  and  double ;  the  single  squeezer,  fig.  95,  has  but 
one  anyil  and  one  hammer,  while  in  the  double  squeezer  there  is  a  jaw 
on  each  side  of  the  articulation,  and  it  has,  consequently,  two  anvils  and 
two  hammers. 

The  lever,  a,  carries  a  plate  of  cast-iron,  which  may  be  either  flat  or 
seriated  with  parallel  corrugations,  working  against  a  corresponding  fixed 
jaw,  e,  constituting  the  anvil  Motion  is  communicated  to  this  arrange- 
ment by  the  rod,  6,  connected  with  a  crank  which  is  usually  attached 
to  the  dnving-shaf t  of  a  rolling-milL     The  shingler  introduces  the  ball 


Fig.  95.~3iiigle  SquMcer ;  from  TruraxL 

between  the  jaws  of  the  machine  at  their  widest  part,  and  gradually 
moves  it  forward  on  the  anvil  until  it  comes  in  contact  with  the  upper 
jaw,  or  hammer.  At  each  stroke  of  the  equeezer-arm  the  ball  is  flattemed 
by  the  pressure,  and  a  portion  of  the  cinder  is  expelled  ;  during  the  up 
stroke  it  is  turned  over  towards  the  fulcrum  of  the  arm,  where  it  is 
finally  reduced  to  a  bloom  of  about  5  inches  in  diameter  and  18  inched 
in  length.  The  up-setting  of  this  bloom,  which  receives  from  20  to  25 
auccessive  squeezes  during  its  elaboration,  is  effected  at  the  extreme  end 
of  the  jawSy  where  the  distance  between  them  admits  of  the  masa  of  iron 
bemg  set  on  end  for  the  purpose  of  being  pressed  longitudinally.  The 
eqneezer-crank  usually  makes  about  60  revolutions  per  minute,  and  the 
time  necessary  for  shingling  a  ball  is  therefore  from  20  to  25  seconds. 

The  rotaiy  squeezer  generally  consists  of  a  strong  cylindrical  casting, 
the  inner  surface  of  which  is  studded  with  blunt  triangular  teeth  or 
corrugations ;  within  this  revolves  a  cast-iron  cylinder  having  the  outer 
surface  similarly  roughened 
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The  fixed  circular  casing  of  cast-iron  forms  about  three-fourths  of  aa 
entire  cylinder,  and  within  this  the  revolving  drum  is  placed  eccentri- 
cally with  regard  to  its  axis,  in  such  a  way  that,  their  surfaces  being 
parallel,  the  distance  between  them  gradually  diminishes  in  the  direction 
of  the  line  of  rotation.  The  puddled  ball  enters  at  the  widest  part,  and 
on  being  carried  forward  by  the  movable  cylinder,  is  gradually  reduced 
in  size  until  it  is  ejected  at  the  narrower  end  in  the  form  of  a  cylindrical 
bloom  ready  for  the  rolling-milL  The  speed  of  this  squeezer  is  about  12 
revolutions  per  minute,  and  one  machine  is  stated  to  be  capable  of  doing 
the  shingling  for  fifty  puddling-fumaces :  as,  however,  there  is  no  means 
of  regulating  the  distance  between  the  surfaces,  it  has  the  disadvantage 
of  requiring  that  the  balls  should  be  as  nearly  as  possible  uniform  in 
weight  and  shape. 

Hydraulic  Forging-Presses. — In  the  forging  of  steel  ingots,  and  for 
other  purposes  where  very  powerful  compression  is  required,  hydraulic 
power  may  be  advantageously  substituted  for  hammering.  The  forging- 
press  of  Mr.  Haswell,  of  Vienna,  is  a  machine  of  this  class,  and  consists 
of  a  large  vertical  hydraulic  press  with  its  ram  acting  downwards  against 
a  table  serving  as  an  anvil  The  large  ram  is  lifted  by  a  small  hydraulic 
press,  with  which  it  is  connected  by  a  cross-head  and  side-rods.  As  the 
ram  rises,  the  water  expelled  from  the  larger  cylinder  is  returned  to  an 
accumulator  containing  a  piston,  upon  the  surface  of  which  steam  can 
be  admitted]  this  is  employed  for  moving  the  ram  rapidly  when  the 
resistance  is  not  considerable,  and  the  whole  power  of  the  machine  is 
consequently  not  required.  When,  on  the  contrary,  it  is  desired  to 
develop  the  whole  force  of  the  apparatus,  the  connection  between  the 
press  and  accumulator  is  cut  off  by  a  valve,  and  it  is  put  into  communi- 
cation with  a  pair  of  ordinary  hydraulic  forcing-pumps,  driven  by  a  large 
direct-acting  steam-engine. 

Fig.  96  represents  a  large  hydraulic  forging-press  for  the  heaviest 
class  of  steel  forgings,  constructed  by  Messrs.  Davey  Brothers,  for  Cam- 
mell's  steel-works  at  Sheffield.^  It  has  two  36-inch  pressing  rams.  A, 
and  two  9-inch  lifting  rams,  B,  having  a  common  stroke  of  7  feet,  whose 
cylinders  are  carried  by  four  columns  on  a  heavy  entablature,  G,  of  cast- 
steel.  The  four  rams  are  connected  with  the  tool-holder  or  cross-head,  D, 
carrying  the  forging-tool  corresponding  to  the  tup  on  a  steam-hammer, 
which  is  guided  in  its  course  by  slide-blocks  bored  to  fit  the  columns,  £; 
but  the  connections  are  not  rigid,  spherical  bearings  being  substituted 
in  order  to  allow  for  the  expansion  of  the  cross-head  by  heat  when  the 
press  is  at  work.  The  hydraulic  power  is  supplied  by  three  6-inch 
single-acting  rams  driven  by  two  34-inch  steam-engines.  Their  capacity 
is  such  that  the  cross-head  is  depressed  half  an  inch  for  each  revolution 
of  the  engines ;  the  lifter  is  raised  8  inches  at  each  revolution,  the  area 
of  the  pressing-  and  lifting-rams  being  as  16  to  1.  The  lifting  and 
lowering  of  the  tool,  when  not  in  contact  with  the  forging  on  the  anviJ^ 
^  '  Engineering/  vol.  xli.  p,  393. 
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is  performed  by  water  at  60  lbs.  pressurel  per  square  inch,  supplied  by 
the  pipe  F ;  the  f  orging-pressure  is  obtained  by  the  pumps  which  supply 


Fig.  M.— DftTe/a  4,000-ton  Hydraulic  Forgixig-PreSB ;  front  elevation. 

the  large  rams  with  water  at  any  pressure  up  to  4,800  lbs.  per  square 
inch  by  the  pipe  G,  the  maximum  effort  being  computed  at  4,000  tons. 
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The  pampe  may  be  worked  up  to  sixty  strokes  per  minute,  and  the  press 
is  nearly  as  quick  in  action  as  a  hammer.  The  anyil  and  oolumns 
are  carried  upon  cast-steel  girders,  H,  somewhat  similar  to  the  entabla- 
ture, but  heavier,  which  rest  upon  masonry  foundations  of  considerable 
thickness,  although  yery  much  less  than  would  be  required  for  a  steam- 
hammer. 

The  squeezer,  figs.  97,  98,  of  which  the  first  is  a  longitudinal  section. 
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Fig.  97.  — Winslow's  SquMcer ;  longitudinal  section. 

and  the  second  an  end  view,  was  employed  with  the  Danks  rotary  fur- 
nace, and  is  known  as  Winslow's,  but  was  improved  and  modified  by  Mr. 
Danks,  so  as  to  adapt  it  to  the  treatment  of  very  heavy  masses  of  iron. 

It  consists  of  two  corrugated  rollers,  a, 
each  about  4  feet  in  length  and  18 
inches  in  diameter,  placed  horizontally, 
occupying  one  plane,  and  having  the 
journals  fixed  in  strong  frames,  5. 
These  rollers  are  made  to  reyolve  in 
the  same  direction  at  the  rate  of  from 
15  to  20  revolutions  per  minute, 
and  above  them  is  geared  a  large  ec- 
centric or  cam,  e,  the  periphery  of 
which  revolves  at  the  same  rate  as  the 
circumference  of  the  two  rollers,  a. 
At  the  side  of  the  squeezer-frame  is  a 
horizontal  steam-hammer,  the  ram,  d^ 
of  which,  seen  in  fig.  98,  hammers 
the  end  of  the  bloom  as  it  is  being 
rotated. 

When  the  bloom  has  been  sufficiently  squeezed,  which  is  effected  by 
two  revolutions  of  the  cam,  it  is  removed  by  a  neat  lever- arrangeijaent, 
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Fig.  98.-^WiDBlow'8  Squeeier ;  end 
elevation. 
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and  rolled  upon  the  floor.  It  is  now  seized  by  a  pair  of  tongs,  lifted 
by  a  crane  used  for  charging  and  drawing  the  re-heating  furnace,  and 
{4aeed  on  a  fork,  by  means  of  which  it  is  charged.  It  is  subsequently 
withdrawn  by  the  same  fork,  placed  on  a  bogie,  and  taken  to. the  rolla 

The  Commissioners  appointed  to  examine  the  Dank&  process  did  not, 
however,  consider  this  squeezer  an  essential  feature  in  machine* made 
iron ;  and  were  further  of  opinion,  that  if  means  could  be  devised  for 
handling  under  the  steam-hammer  such  heavy  masses  as  balls  weighing 
from  600  to  1,000  lb&)  and  of  getting  them  worked  in  a  reasonable  time, 
the  result  would  probably  be  an  improvement  in  the  quality  of  the  iron 
produced. 

Puddlin^RolU. — ^Although  the  hammer  is  still  employed  in  some  of 
the  old  open-fire  forges  of  Sweden  and  Germany  for  the  production  of 
finished  iron,  it  has  nevertheless  been  generally  superseded  in  all  the 
chief  iron-producing  districts,  both  of  Europe  and  America,  by  the 
rolling-milL  The  rolls  by  which  the  heated  metal  is  drawn  into  hara 
are  of  two  kinds.  The  first,  which  are  called  puddling-ToUsy  serve  ta 
consolidate  the  blooms  after  their  removal  from  the  hammer  or  squeezer. 


Fig.  99.— Puddling-Train. 

The  second  kind,  known  as  miU-^oUa,  are  employed  for  the  purpose  of 
extending  into  bars  the  masses  of  iron  obtained  by  cutting  puddled  bars 
into  lengths,  and  subjecting  them  to  a  welding  heat  in  a  balling  or  re- 
heating furnace. 

Two  pairs  of  rolls,  fig.  99,  constitute  a  puddling-trainy  one  pair  being 
used  for  rougbing-down  the  bloom,  and  the  other  for  finishing  it  into  a 
Ur.  The  grooves  in  the  roughing  pair  are  either  oval,  gothic,  or  dia- 
mond-shaped ;  generally  the  first  two  or  three  grooves  are  gothic^  and 
the  others  diamond-shaped.  Finishing-rolls  are  usually  turned  with 
grooves  capable  of  producing  flat  bars  from  3  to  7  inches  wide  and  from 
i  to  1^  inch  thick.  Rolls  are  supported  in  pairs  one  above  another  in 
a  heavy  framework  or  housing  of  cast-iron,  and  are  so  connected  by. 
strong  spur-gearing  as  to  turn  in  contrary  directions.  Motion  is  com- 
niunicated  to  the  lower  shaft  either  by  steam  or  by  water  power,  and  the 
distance  between  the  two  rolls  is  regulated  by  screws,  a,  acting  (m  the 
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brass  steps  in  which  their  journals  or  necks  are  secured.  Puddling-rolls 
are  generally  from  3  feet  6  inches  to  5  feet  in  length,  and  from  18  to 
22  inches  in  diameter ;  the  durability  of  the  necks  and  steps  is  much 
increased  by  the  use  of  cinder-plates,  for  the  reception  of  which  a  narrow 
groove  is  turned  in  each  roll  close  to  the  ends,  and  a  piece  of  sheet- 
iron  of  the  proper  form  is  inserted  before  lowering  the  top  roll.  The 
roughing-down  rolls,  on  the  left,  have  a  series  of  grooves  turned  on  them, 
which  gradually  diminish  towards  the  light,  and  are  roughened  by 
indentations  cut  with  a  chisel ;  the  finishing -rolls,  on  the  right,  have  a 
series  of  grooves  which  diminish  in  the  same  direction.  The  lower 
roughing-roll  is  provided  with  a  serrated  fore-plate  and  rest,  and  the 
bottom  finishing-roll  with  a  rest  and  guide;  the  crank,  5,  works  the 
squeezer.  As  the  rolls,  when  at  work,  are  subject  to  great  and  sudden 
variations  of  torsional  strain,  the  couplings  uniting  the  different  members 
of  the  train  are  so  made  as  to  have  less  resisting  power  than  the  necks 
of  the  rolls  themselves ;  and  they  are,  at  the  same  time,  arranged  in  such 
a  way  as  to  be  capable  of  a  certain  amount  of  independent  motion.  The 
contrivance  by  which  this  is  accomplished  is  shown,  figa  100,  101,  and 
102,  the  first  being  a  side  view,  and  the  second  an  end  one,  of  the  coupling- 
box  employed.      The  necks  of  the  rolls,  which  are  continued  a  short 
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distance  beyond  their  bearings,  have  the  form  of  the  aperture  in  fig.  101, 
and  slip  readily  into  the  coupling-box ;  one  of  these  is  placed  on  the  end 
of  each  of  the  rolls  to  be  joined,  the  two  being  united  by  a  loose  bar, 
fig.  102,  of  similar  form,  but  of  somewhat  less  sectional  area,  called  the 
breaking-piece  or  spindle.  The  collars  or  coupling-boxes  are  prevented 
from  slipping  by  four  wooden  stops  laid  in  the  depressions  of  the  spindle 
and  secured  by  leathern  straps  or  wire  bands.  The  intermediate  shaft, 
being  the  weakest  part  of  the  train,  gives  way  in  case  of  any  undue 
resistance  occurring,  and  thus  prevents  the  breaking  of  the  rolls.  A 
continuous  supply  of  water  is  necessary  in  order  to  keep  the  rolls  and 
their  bearings  cool,  and  is  conveyed  through  pipes  and  channels  to  the 
Various  parts  where  it  is  required. 

On  leaving  the  hammer  or  squeezer,  the  bloom,  while  still  at  a  high 
temperature,  is  first  passed  through  the  largest  groove  of  the  roughing' 
down  rolls,  and  afterwards,  in  succession,  through  the  other  grooves  of 
both  pairs  of  rolls,  until  it  is  finally  extended  into  a  long  fiat  bar,  of  which 
the  surfaces  are  usually  very  rough ;  this  is  known  as  ''  puddled  bar,"  or 
"JSTo.  1  iron." 
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Erery  time  the  iron  has  been  passed  throagh  the  rolls  it  has  to  be  put 
back  again  over  the  upper  roll,  which  is  attended  with  a  considerable 
expenditure  of  time  and  labour.  Beyersing-rolls  are  sometimes  employed 
to  avoid  this,  so  that  immediately  the  iron  has  passed  through,  the 
motion  is  reversed,  and  it  is  passed  back  through  the  next  groove. 
Various  other  contrivances  have  been  resorted  to  for  the  purpose  of  roll- 
ing without  unnecessary  loss  of  time,  and,  among  them,  the  most  ap- 
proved appears  to  consist  in  the  use  of  two  or  more  pairs  set  in  advance 
of  each  other,  or  in  passing  the  bloom  alternately  through  the  grooves  of 
two  mills  moving  in  opposite  directions ;  in  some  cases  the  bar  is  carried 
on  an  iron  carriage,  by  which  it  is  rapidly  taken  by  steam  power  from 
one  pair  of  rolls  to  the  other.  Sometimes,  and  particularly  for  merchant- 
and  guide-trains,  three  rolls  are  placed  one  above  the  other,  in  the  same 
housing.  Such  an  arrangement  of  the  roUs  constitutes  a  three-high 
train,  and  is  driven  from  the  middle ;  the  central  roll  gearing  forward 
with  the  lower,  and  backward  with  the  upper  one,  or  vice  versd,  so  that 
the  bar,  instead  of  being  rolled  in  only  one  direction,  passes  backwards 
and  forwards,  alternately,  between  the  grooves  of  the  middle  and  upper, 
and  middle  and  lower  rolls. 

The  speed  of  puddling-rolls  ranges  from  35  to  about  80  revolutions 
per  minute ;  in  the  Welsh  forges  the  rolls  are  driven  at  from  50  to  80 
revolutions,  but  in  Staffordshire  and  Derbyshire  they  are  worked  more 
slowly. 

Shears. — The  puddled  bar,  on  leaving  the  rolls,  is  taken  by  boys  to 
the  cutting-shears,  which  should  be  placed  opposite  the  finishing-rolls. 
It  is  the  general  practice  to  shear  puddled  bars  hot ;  but  when  the  lengths 
into  which  they  may  require  to  be  divided  for  the  miU-pUes  is  not  known, 
they  are  laid  aside,  to  be  subsequently  cut  cold;  stronger  shears  are 
then  required. 

The  shears  usually  employed  for  this  purpose  consist  of  two  jaws, 
terminated  by  cutting-edges  of  hardened  steel,  firmly  bolted  to  the  iron 
limbe  to  which  they  are  attached.  The  lower  blade  is  immovably  fixed 
to  a  cast-iron  support,  while  the  upper  one  moves  on  a  pin  passing  both 
through  it  and  the  cast-iron  support  of  the  lower  jaw.  To  the  upper 
Hmb  is  attached  a  lever,  which  being  connected  by  a  strong  rod  to  a 
ctank  on  a  revolving  shaft)  causes  the  jaws  of  the  shears  to  alternately 
open  and  shut  at  each  revolution.  In  this  way  sufficient  power  is  trans- 
mitted to  the  shears  to  enable  them  to  divide  bars  of  iron  presenting 
considerable  sectional  area.  Instead  of  driving  shears  by  means  of  a 
crank,  or  shafting  connected  with  other  machinery,  when  of  laige  size 
they  are  generally  worked  by  independent  engines.  This  is  the  case  in 
the  machine  represented,  fig.  103,  where  the  heavy  cast-iron  lever,  a,  on 
which  is  secured  the  upper  cutting  face,  6,  is  connected  by  a  sweep-rod 
with  the  crank,  c,  on  the  fly-wheel  shaft,  and  receives  motion  from  the 
small  inverted  steam-engine,  cL  Shears  are  employed  for  cutting  puddled 
and  o^er  bars  into  lengths  for  piling,  and  also  for  removing  the  rough 
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encls  of  finished  bars  and  the  edges  of  plates  and  sheets.  When  the 
length  of  the  eut  to  be  made  is  considerable,  a  knife  with  a  diagonal  edge, 
moving  vertically  between  parallel  guides,  is  usually  employed.  These 
guiUotin&'Shears  are  much  used  for  cutting  boiler-plate,  and,  as  they  re- 
quire considerable  power,  are  driven  by  engines  attached  to  their  framing. 
For  the  heaviest  class  of  work,  such  as  dividing  steel  bars  and  ingots, 
guillotine  shears  driven  by  hydraulic  power  are  employed. 

Rails  and  other  heavy  bars  have  their  rough  ends  removed  while  still 
hot,  by  circular  saws ;  these  are  from  3|  to  4^  feet  in  diameter,  and  make 
from  800  to  1,200  revolutions  p«  minute    They  are  generally  driven  by 
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belts,  but  in  some  instances  direct-acting  steam  turbines  on  the  same 
shaft  have  been  employed. 

The  yield  of  puddled  iron  varies  considerably  in  different  localities, 
and  will  depend  not  only  on  the  nature  of  the  pig-iron  operated  on,  but 
to  a  certain  extent  also  on  the  skill  employed  in  its  treatment  In  the 
neighbourhood  of  Dudley,  South  Staffordshire,  the  ordinary  calculation 
is,  that  24  cwts.  of  pig-iron  should  yield  22  cwts.  of  puddled  bai8|  and 
that  about  1  ton,  2  cwts.,  2  qra.  puddled  bars  are  employed  in  the  pro- 
duction of  1  ton  of  merchant^bar.  In  South  Wales,  in  1859,  it  was 
estimated  that  27  cwts.  of  white  pig-iron  were  required  to  produoe  1  Um 
of  finished  or  merchant-bar. 

WOBKINO  PUDDLKD  BaB  INTO  MbBOH^NT  IbON — XhB    MjXJU — Af^ 
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baying  been  cut  by  sbean  into  snitable  lengtbs,  tbe  puddled  bare  are 
piled  in  packets,  wbicb  are  beated  to  a  welding  beat,  and  tben  bammered 
and  afterwards  rolled,  or  tbey  are  at  once  rolled  into  bars  witbout  bam- 
merin^  Tbe  elevation  to  a  welding  temperature  is  eflfected  in  special 
fumaoee,  known  as  miU-,  balling-,  or  re-beating  furnaces. 

Re-heating  or  Balling, — Tbe  re-beating  furnace  Tery  closely  resembles 
tbe  puddling-fumace,  and  baa  a  cbimney,  a,  of  similar  dimensions,  but 
is  usually  8  or  9  incbes  wider,  and  about  two  feet  longer;  tbe  average 
area  of  Uie  fire-place,  5,  is  12  square  feet 

Tbe  dimensions,  form,  number,  and  size  of  doors,  &c.,  of  tbe  re-beating 
furnace  vary  considerably,  in  accordance  witb  tbe  nature  of  tbe  work  for 
wbicb  it  is  to  be  employed;  but  tbe  following  woodcuts,  figs.  104  and 
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105,  after  Truran,  represent  a  longitudinal  and  a  borizontal  section 
above  tbe  level  of  tbe  beartb  of  a  furnace  sucb  as  is  commonly  employed 
in  Soutb  Wales  for  tbe  conversion  of  puddled  bars  into  rails  or  merchant 
iron. 

Tbe  cast-iron  bottom,  c,  is  about  14  incbes  below  tbe  working-door, 
and  on  it  is  laid  a  sand  bottom,  d^  falling  from  tbe  door  botb  towards 
tbe  back  of  tbe  beartb  and  towards  tbe  chimney.  Many  re-beating 
furnaces  are  constructed  witbout  an  iron  bottom,  and  in  sucb  cases  the 
material  forming  tbe  hearth  is  laid  on  rubble-work,  consisting  of  old  fire- 
brick, fire-brick  ends,  &a  Between  tbe  hearth  or  body  of  the  furnace, 
and  the  firo-place,  a  bridge,  e,  9  inches  in  thickness,  is  carried  up  to 
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within  14  inches  of  the  roof,  while  at  the  stack  end  the  sand  is  gra- 
dually rounded  off  so  as  to  meet  the  bottom  of  the  flue. 

A  number  of  puddled  bars,  generally  from  3  to  4^  feet  in  length,  are 
placed  together  to  form  each  pUe,  of  which  the  sectional  area  is  from  3  to 
10  inches  square,  in  accordance  with  the  size  of  the  iron  to  be  made;  piles 
3  feet  6  inches  long,  7  inches  wide,  and  8  inches  high,  are  a  common  size 
for  the  larger  descriptions  of  merchant  iron.  The  bailer  charges  four  of 
these  for  a  heat  through  the  door,  /,  by  placing  them  singly  on  a  flat  iron 
bar,  called  &  peeler,  and  slides  them  into  the  furnace,  taking  care  not  to 
disturb  the  arrangement  of  the  bars.  When  charged,  the  four  piles  lie 
nearly  across  the  furnace,  radiating  from  the  door;  the  ends  towards  the 
back  lying  about  6  inches  lower  than  those  nearest  the  door. 

The  door,  /,  is  now  closed,  and  a  little  fine  coal  thrown  around  it  to 
exclude  the  air,  the  damper  is  raised,  the  grate  cleaned,  fresh  fuel  added 
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Fig.  105.— Be-heating  Furnace  ;  borixontal  eection. 

through  the  firing-hole,  g,  and  the  fire  urged,  so  as  to  produce  an  intense 
heat.  The  workman's  chief  occupation,  after  charging,  is  to  watch  the 
piles,  and  to  so  shift  their  positions  that  they  may  be  equally  exposed  to 
the  fire,  and  be  brought  to  a  welding  heat  in  the  shortest  possible  time. 
As  this  point  is  approached,  the  iron  becomes  externally  oxidized,  and 
forms  a  scale  which  covers  the  surface  of  the  pile,  and  which,  by  com- 
bining with  the  siliceous  matter  of  which  the  bed  is  composed,  forms  a 
slag,  which,  running  off  freely  towards  the  bottom  of  the  stack,  escapes 
from  the  furnace.  This  is  distinguished  by  the  name  oi  fiue-cinder 
from  that  produced  in  the  puddling-fumace,  which  is  known  as  tap-^nder, 
A  small  fire  is  usually  placed  in  front  of  the  stack  of  re-heating  furnaces 
to  prevent  the  tap-hole  from  becoming  obstructed  by  the  cooling  of  the 
cinder.  At  the  expiration  of  sixty  minutes  a  heat  such  as  that  described 
will  be  ready,  and  the  piles  are  then  successively  grasped  by  a  pair  of 
heavy  tongs,  and  placed  on  a  bogie,  to  be  carried  to  the  rolls.  The  with- 
drawal of  the  piles,  charging  a  fresh  heat,  and  repairing  the  bottom,'  will 


IRON.  *  .  317 

oecnpj  about  sixteen  minutes ;  such  piles  usually  average  about  4  cwts, 
each,  and  consequently  a  furnace  working  thirty-six  piles  in  the  course 
of  twelve  hours  will  get  through  83  tons  of  iron  weekly.  For  smaller 
descriptions  of  merchant-bar,  the  piles  are  made  about  18  inches  long,  3 
inches  wide,  and  2^  to  2  inches  deep.  Sixteen  or  eighteen  such  piles, 
which  take  from  twenty-eight  to  thirty  minutes  to  reach  a  welding  heat, 
are  charged  at  once ;  the  time  occupied  in  withdrawing  the  heat,  repair- 
ing and  re-charging,  is  about  twenty-one  minutes,  and  a  furnace  working 
on  piles  of  this  description  will  re-heat  31  tons  of  iron  per  week.  Bars 
of  the  smallest  size  are  rolled  from  bolts  of  manufactured  iron  called 
biUets,  measuring  from  12  to  20  inches  in  length,  and  having  a  diameter 
of  from  1^  to  If  inch ;  for  these  a  smaller  furnace  is  employed,  and  from 
twenty-five  to  thirty  billets  are  heated  at  a  time.  Cold  billets  are  intro* 
duced  as  fast  as  hot  ones  are  withdrawn ;  furnaces  working  on  billets  for 
guide-iron  will  heat  from  15  to  25  tons  per  week,  according  to  the  size 
of  the  finished  bars. 

The  ordinary  weight  of  the  piles  for  rails  is,  in  South  Wales,  about 
15  cwtsL ;  four  of  these  are  placed  in  the  furnace  at  once  and  the  whole 
heat  is  rolled  into  blooms  in  a  triple  mill  in  five  minutes.  After  a 
second  heating,  which  occupies  about  thirty  minutes,  the  blooms  are  each 
passed  nine  times  through  the  rail-mill,  and  become  rails.  The  loss  on 
the  piles,  including  crop-ends,  which  are  subsequently  utilized,  is  about 
20  per  cent. 

The  amount  of  labour  bestowed  on  the  manufacture  of  merchant  iron 
varies  with  the  quality  it  ia  intended  to  produce.  For  the  commoner 
descriptions  it  is  usual  to  pile  puddled  bars,  or  No.  I  iron,  cut  into  proper 
lengths,  and  these,  when  brought  to  a  welding  heat,  are  rolled  into  ham, 
either  with  or  without  being  previously  worked  into  blooms  under  the 
hammer.  More  frequently,  however,  No.  2  iron,  or  that  which  has  been 
twice  rolled,  is  used  for  the  top  and  bottom  bars  of  the  pile,  when  best 
iron,  or  No.  3,  is  being  made.  If,  after  this,  the  iron  be  further  piled 
and  welded,  it  is  distinguished  as  hest-hesty  and  treble-best;  according 
to  the  number,  of  re-heatings  and  rollings  to  which  it  may  have  been 
subjected. 

As  a  rough  approximation,  it  may  be  estimated  that  the  amount  of 
coal  consumed  for  the  manufacture,  from  the  ore,  of  common  finished 
bars,  of  No.  2  quality,  is  about  four  times  their  weight :  to  this  must  be 
added  from  9  to  10  cwts.  per  ton  for  each  additional  heat  to  which  the 
iron  may  have  been  subjected. 

The  bottoms  and  tops  of  rail -piles  are  sometimes  covered,  by  slabs 
made  by  doubling  and  welding  together,  under  the  hammer,  two  or  more 
puddled  blooms,  which  are  then  jre-heated  and  rolled,  without  first  having 
passed  through  the  intermediate  state  of  puddled  bars.  The  necessity 
for  the  use  of  single  slabs  for  the  outside  of  piles  arises  from  the  circnm* 
stance  that  butt  joints,  unless  covered,  do  not  weld  properly :  it  is  also 
necessary  that  the  ends  of  the  bars  forming  the  pile  should  be  cui  square^ 
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.and  that  all  contact-surface*  should  be  aa  free  as  possible  f rom  stide  and 
rust  j 

Gas  re-heating  furnaces  are  in  modem  iron-wotks  iHnetice  very  kigelj  I 

used  in  the  production  of  forgings  and  finished  iron.     Of  the  different  | 

jstyles  employed,  that  on  the  regemeratiye  principle  by  the  late  Sir  W. 
Siemens  has  been  described  and  illustrated,  pp.  104r-5,  figs.  25, 26,  and  27. 
This  furnace  has  been  very  widely  applied,  but  in  many  cases  the  system 
of  conducting  the  producer  gas  directly  to  the  furnace,  so  that  it  may  be 
delivered  hot,  and  the  air  only  requires  heating,  is  now  adopted  in  pre- 
ference to  the  use  of  a  cooling-tube  with  subsequent  heating  in  regene- 
ratora  The  air  for  burning  the  gases  may  be  heated  in  pipes,  bat  a 
more  perfect  system  is  to  use  a  shallow  flue  of  the  whole  breadtii  and 
length  of  the  furnace,  which  cools  the  bottom  at  the  same  time  that  the 
air  is  wanned  This  is  adopted  in  Bicherouz's  furnace,  which  is  now 
more  particularly  used  for  heating  steel  ingots.  In  Ponsaid's  con- 
tinuous regenerative  system,  the  air  is  heated  in  a  chamber  below  the 
furnace  filled  with  brickwork,  arranged  in  such  a  fashion  that  ther^  are 
two  independent  systems  of  passages,  isolated  from  each  other.  Thioagh 
one  of  these  the  waste  fiame  passes  in  its  way  to  the  chimney,  while 
through  the  other  the  air  travek  in  the  opposite  direction.  This,  though 
not  quite  so  efficient  as  the  Siemens  system,  has  the  advantage  of  being 
simple  both  in  construction  and  working.  The  Ponsard  furnace  is 
continuous  instead  of  intermittent ;  and  as  the  heating  medium  is  spent 
gas  only,  no  ex^dosion  can  take  place  in  the  event  of  air  getting  to  the 
fiame-flue  through  leakage  in  the  brickwork. 

MiU-ItoUs,  4^e. — The  quality  of  bar-iron  is  much  improved  by  ham- 
mering, since  the  rapid  consolidation  which  takes  place  under  the  heavy 
Uows  of  a  steam-hammer  expels  the  cinder,  while  the  iron  is  at  a 
sufficiently  high  temperature  to  allow  of  its  escape.  A  large  portion  of 
the  cinder  is,  however,  eliminated  during  the  operation  of  rolling  the 
pile  into  a  bar ;  but  in  consequence  of  the  great  reduction  of  temperature 
which  has  taken  place  before  the  last  groove  has  been  reached,  a  certain 
amount  of  slag  is  liable  to  become  enclosed  in  the  iron.  Hammered  iron 
is  more  homogeneous,  has  a  greater  specific  gravity,  and  is  superior  iu 
point  of  strength  t6  that  which  has  not  been  thus  treated ;  cotLsequently 
in  the  manufacture  of  the  best  qualities  hammering  should  not  be  dis- 
pensed with. 

A  train  of  mill-rolls  for  large  iron  consists  of  two  pairs;  one  for 
roughing,  which  may  be  about  6  feet  6  inches  long  by  22  inches  in 
diameter,  and  the  other  for  finishing,  considerably  shorter  and  of  some- 
what less  diameter.  The  whole  of  the  plant  requires  to  be  as  strong 
and  substantial  as  for  the  puddling-train,  but  the  standards  of  the  finish- 
ing-rolls are  provided  with  various  tightening  and  adjusting  screws  for 
maintaining  them  accurately  in  their  positions.  Motion  is  communi- 
cated to  the  finishing-rolls  by  a  pair  of  pinions  and  spindles,  while  from 
the  bottom  roll  a  coupling-spindle  communicates  motion  to  the  bottom 
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roaghing-ioll,  whence  it  is  transmitted  to  the  upper  one  hy  spoivgeaiLng^ 
keyed  on  the  ends  of  the  pair.  This  method  of  driving  from  the  lower 
roU  possesses  the  advantage  of  permitting  the  use  of  larger  or  smaller 
roughing  rolls,  as  may  he  required. 

In  three-high  trains  the  lifting  of  the  piles  from  the  lower  to  the 
upper  level  is  easily  effected  when  light  bars  only  are  being  rolled,  but 
in  the  case  of  heavy  piles  it  is  attended  with  considerable  labour  and  loss 
of  time,  unless  some  special  mechanical  appliance  is  employed.  The 
usual  method  adopted  is  to  make  the  feed-plates  or  tables  movable,  and 
to  80  connect  them  with  a  single-acting  steam-  or  water-pressure  engine, 
that  the  pile,  after  passing  through  grooves  between  the  lower  rolls,  is 
lifted  to  the  upper  ones,  and,  after  having  passed  between  them,  is 
received  on  a  table  on  the  other  side,  which  at  once  descends  to  the  level 
of  the  lower  pair.  A  similar  arrangement  is  also  often  used  for  heavy 
plate-mills  consisting  of  a  single  pair,  since  the  pile,  after  having  passed 
between  the  rolls,  has  in  this  case  only  to  be  deposited  on  top  of  the 
upper  roll  to  be  again  carried  back  to  the  side  from  which  it  entered. 

For  rolling  bars  of  small  section,  which  from  their  flexibility  are 
liable  to  become  twisted,  it  is  usual  to  use  a  three-high  train,  to  the 
tables  or  aprons  of  which  guide-jaws  or  friction-rollers  are  attached ; 
these,  which  are  employed  for  keeping  the  ends  of  the 'bars  straight  on 
entering  the  grooves,  give  their  name  to  the  arrangement,  which  is  known 
as  a  guide-train. 

Wagner's  rolling-mill,  of  which  fig.  106  is  a  front  elevation,  is  some- 
times called  "  the  universal  mill "  on  account  of  the  facility  with  which 
it  may  be  made  to  produce  bars  and  flats  of  various  sizes  with  the  same 
pair  of  roUs.  This  machine  consists  of  two  horizontal  roUs  mounted 
and  geared  in  the  usual  way ;  to  these  is  added  a  pair  of  vertical  rolls,  a, 
working  in  bearings,  which  can  be  traversed  horizontally  on  slides  by 
right  and  left  screws.  The  simultaneous  motion  of  Uiese  screws  is 
msuied  by  the  hand-wheel,  b,  geared  to  a  shaft  carrying  two  worm- 
pinions  acting  on  wheels  keyed  on  the  screw-spindle.  By  turning  these 
the  two  vertical  rolls  may  either  be  brought  nearer  tpgetibier  or  removed 
farther  apart;  thus  regulating  at  will  the  width  of  the  bar  to  be 
produced.  The  vertical  rolls,  a,  receive  their  motion  from  the  driving 
pinion  through  mibe  wheels  geared  into  similar  wheels,  sliding  on  their 
shaft  in  such  a  way  as  to  follow  horizont^y  the  movements  of  the 
vertical  rolls.  The  horizontal  top  roll  is  kept  to  its  work  by  a  pair 
of  counterweights,  e,  and  its  distance  from  the  bottom  roll  is  regulated 
in  the  usual  way  by  a  pair  of  screws  geared  to  the  hand-wheel,  d,  A 
combination  of  this  kind,  under  the  hame  of  ''White's  mill,"  has  been 
advantageously  employed  in  South  Wales  foi*  roughing  rail-piles. 

YerjT  heavy  mills,  such  as  those  used  for  rolling  armour-plates,  are 
reversed  at  eadi  passage  of  the  pila.  In  Ramsbottom's  rolling-mill  the 
rolls  are  driven,  without  the  intervention  of  a  fly-wheel,  by  a  pair  of  direct-, 
acting  honzontal  engines,  epiipled  at  right  angles,  .which  are  reversed, 
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after  each  pass  of  the  bloom  or  ingot,  by  hydraulic  pull-over  gear ;  the 
Tolling  is  thus  performed  alternately  in  opposite  directions.  The  motion 
is  transmitted  from  a  pinion  on  the  crank-shaft  of  the  engine  to  a  spur- 
wheel  in  connection  with  the  rolls,  which  make  one  revolution  for  three 
and  a  quarter  revolutions  of  the  engine  when  cogging  or  breaking  down 
ingots ;  but  in  finishing-mills  either  the  gearing  is  equal  or  the  engine  is 
directly  attached  to  the  rolls. 

The  size  and  speed  of  rolling-mills  vary  within  very  wide  limits, 


P^^^^ 


rtnSr 


Fig.  106.— Wagner's  RoUing-Mm ;  front  oleTation. 

according  to  the  nature  of  the  work  to  be  performed ;  roversing-mills  for 
heavy  plates  make  only  from  25  to  30  revolutions  per  minute,  while 
some  very  small  mills  employed  for  special  purposes  make  over  500 
revolutions  in  the  same  time.  For  ordinary-sized  merchant-bars,  the  dia- 
meter of  the  rolls  is  from  12  to  18  inches,  and  the  number  of  revolutions 
per  minute  from  80  to  110.  Rolls  for  roughing  rail-piles  are  usually 
from  20  to  24  inches  in  diameter,  and,  if  worked  as  a  reversing  train,  the 
speed  does  not  exceed  30  revolutions ;  if  not  reversing,  the  number  of 
revolutions  varies  from  80  to  100  per  minute. 
,    PlcUes  and  S?ieets,T-T\ie  rolls  employed  in  the  preparation  oi  plates 
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and  sheets  are  of  a  plain  cylindrical  form,  of  the  same  diameter  through- 
out, and,  in  order  to  increase  the  hardness  of  their  surfaces,  they  are 
invaiiahly  cast  in  chills.  The  distance  hetween  the  rolls  is  diminished 
each  time  the  pile  is  passed  through,  and  the  top  roll  requires  to  be  sup- 
ported to  prevent  its  coming  in  contact  with  the  lower  one  when  running 
light  This  is  done  by  supporting  the  lower  step  of  the  top  roll  on  the 
ends  of  a  forked  rod  connected  with  a  lever  and  weight,  so  as  to  slightly 
overbalance  it.  For  the  purpose  of  securing  accuracy  of  adjustment 
and  insuring  the  perfect  parallelism  of  the  two  rolls,  toothed-wheels  are 
attached  to  the  heads  of  the  setting  screws,  which  are  moved  through 
equal  spaces  by  spur-  or  bevel-gearing,  and  carefully  divided  hand-wheels. 
For  rolling  tapered  iron,  the  setting  screws  are  sometimes  provided  with 
self-acting  gear,  by  which  the  distance  between  the  rolls  is  gradually  and 
uniformly  diminished  during  the  passage  of  the  pile. 

Armour-plates  for  ships,  made  up  to  12  inches  in  thickness,  and 
other  very  heavy  plates,  may  be  produced  either  by  hammering  or 
rolling  alone,  or  by  a  combination  of  the  two  operations.  The  material 
employed  for  the  manufacture  of  hammered  plates  is  best  scrap-iron, 
which  is  balled,  re-heated,  and  welded,  until  a  elab  is  obtained  somewhat 
thicker  than  the  section  of  the  finished  plate,  and  of  which  two  of  the 
edges  are  square  and  the  other  two  chamfered.  These  are  welded  together 
with  their  tapered  edges,  on  the  shorter  sides,  overlapping,  so  as  to  form 
a  section  of  a  plate  of  the  required  breadth,  and  fini^^y,  the  length  is  made 
up  by  the  addition  of  so  many  pairs  as  may  be  required.  For  convenience 
of  handling,  a  porter-har  or  staff  is  welded  to  the  unfinished  plate,  and 
this  being  provided  with  a  capstan-head  with  levers,  and  supported  by  a 
crane,  allows  of  its  being  readily  turned  on  the  anvil  as  required.  The 
finishing  of  the  plate  and  its  reduction  to  the  proper  thickness  are  effected 
at  a  moderate  r^  heat^  and  water  is  constantly  thrown  on  its  surface  to 
facilitate  the  removal  of  scale.  When  finished,  it  is  heated  to  redness 
and  annealed  by  slow  cooling. 

Rolled  armour-plates,  instead  of  being  built  up  edgewise,  are  formed 
by  the  successive  superposition  of  slabs,  re^heating,  and  re-rolling.  For 
the  finished  plate,  large  slabs,  each  about  8  feet  long,  4^  feet  wide,  and 
2|  inches  thick,  are  piled  and  introduced  into  a  furnace,  in  which  they 
are  placed  on  fire-brick  pillars,  so  as  to  allow  the  flame  to  circulate 
beneath  them.  The  door  of  the  furnace  is  on  the  side  parallel  to  the  axis 
of  the  rolling-mill,  and  when  the  pile  has  become  sufficiently  heated,  it  is 
transferred  to  a  truck,  which  takes  it  directly  to  the  mill.  After  passing 
between  the  rolls,  it  is  received  on  a  similar  truck  on  the  other  side, 
and  is  passed  backwards  and  forwards  by  reversing  the  rolls  until  suffi- 
ciently reduced  in  thickness.  The  tops  of  these  trucks  are  either  inclined 
towaids  the  rolls,  or  they  receive  the  plate  upon  friction- rollers  in  such 
a  way  that  it  may  be  readily  pushed  forward ;  the  action  of  the  mill 
being  sufficient  to  force  it  up  the  inclined  surface  on  the  opposite  side! 
After  leaving  ihe  rolls,  and  while  still  hot,  the  plate  is  rendered  perfectly 
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flat  by  the  passage  over  it  of  a  roller  weighing  about  7  tons ;  when  cold, 
it  is  transferred  to  the  table  of  a  planing-machine,  where  all  its  edges 
are  dressed  square. 

Plates  and  sheets  are  classified  in  accordance  with  their  thickness :  the 
former  term  embraces  all  strengths  exceeding  No.  4  of  the  Birmingham 
wire-gauge,  corresponding  to  a  thickness  of  0*238  inch;  all  less  thick- 
nesses are  sheets.     Sheet-iron  is  classified  as  follows  : — 

Singles  including  from  Na    4  to  No.  20  gauge  0*238  to  0*035  in.  thick. 

Doubles  „  „     20       „     26      „      0035  „  0020        „ 

Trebles,  or  lattens  „  „     25        „     27      „      0020  „  0-016        „ 

For  the  heavier  classes  of  plates,  the  piles  are  built  up  of  bars,  which, 
instead  of  having  .their  longer  sides  parallel,  cross  each  other  alternately ; 
the  coverings  at  top  and  bottom  being  flat  slabs,  from  9  to  14  inches  in 
width  and  from  1  inch  to  1^  inch  in  thickness,  made  by  doubling  two 
puddled  blooms  under  the  hammer  and  rolling,  at  a  heat^  to  the  proper 
size. 

The  pile  for  plates,  which  when  finished  measure  6  feet  in  length, 
3  feet  in  breadth,  and  have  a  thickness  of  ^  inch,  is  about  20  inches 
long,  7  inches  high,  and  12  inches  broad.  It  is  first  reduced  to  a  roughly 
squared  bloom  by  passing  it  lengthwise  through  three  grooves  in  the 
blooming-rolls,  then  four  times  in  the  direction  of  its  breadth  through 
the  plate-roughing  rolls,  and  finally,  three  times  lengthwise  through  the 
finishing-rolls. 

The  pile  for  sheets  of  lai^e  size,  such  as  singles  of  No.  12  gauge, 
which  are  6  feet  in  length  by  2  in  width,  weighing  about  70  lbs.  each, 
is  made  up  of  scrap  and  crop-ends  produced  in  making  top  and  bottom 
plates.  About  twenty  such  piles  are  placed  in  the  furnace  at  one  time, 
and  each  is  first  rolled  into  a  bar  3  feet  6  inches  in  length  and  7  inches 
in  breadth,  and  then  cut  transversely  into  two  equal  parta  Each  of 
these  portions  is  now  passed  through  the  roughing-rolls  the  wide  way, 
until  it  has  assumed  the  form  of  a  plate  having  nearly  the  required 
thickness,  and  of  a  width  represented  by  the  length  of  the  original  half- 
pile.  After  being  passed  lengthways  three  or  four  times  through  the 
finishing-roUs,  the  two  sheets,  produced  from  the  halves  of  the  original 
bloom,  are  passed  through  together  three  or  four  times ;  they  have  now 
become  nearly  cold,  and  after  being  softened  by  heating  to  low  redness 
in  an  annealing-furnace,  are  cut  to  the  proper  size  and  finished. 

Thinner  sheets  are  rolled  in  a  similar  way,  excepting  that  they  are 
made  from  smaller  piles ;  in  rolling  lattens,  after  the  first  annealing  heat, 
four  plates  are  passed  through  together,  and,  after  the  final  heat^  eight 
thicknesses  are  passed  at  the  same  time.  The  thin  sheets,  or  blaek^jdates, 
intended  for  tinning  are  made  in  a  similar  way,  but  as  the  unfinished 
work  is  doubled  after  every  heating,  as  many  as  sixteen  thicknesses  are 
at  last  passed  through  at  the  same  time ;  they  are  finally  cut  to  their 
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proper  sizes,  pickled  in  weak  sulphuric  acid,  and  their  surfaces  polished 
by  cold  rolling,  |    ^ 

For  the  production  of  small  square  bars,  such  as  nail-rods,  the  slitting-.,, 
mill,  in  which  the  rolls  are  replaced  by  arbors  carrying  steel  discs,  \^> 
commonly  employed.     In  this  arrangement  the  discs  on  the  upper  arbor ^ 
interlock  with  those  on  that  which  is  beneath  it,  thus  constituting  a  rotary 
ahearing-mill  with  several  pairs  of  cutters.     When  a  flat  bar  of  iron  is 
passed  between  these  cutters,  in  the  same  way  as  in  an  ordinary  rolling- 
mill,  it  is  divided  into  slips  or  rods  of  rectangular  section,  which  are 
delivered  on  the  other  side  in  a  somewhat  bent  and  twisted  condition, 
from  the  pressure  of  the  cutters ;  these  are  afterwards  straightened  and 
made  up  into  bundles  for  the  use  of  nail-forgers.     The  bar  is  steadied, 
while  passing  between  the  cutters,  by  guides,  and  a  tank  above  the 
framing  contains  water,  which  is  allowed  to  fall  in  several  small  streams 
upon  the  slitters,  for  the  purpose  of  keeping  them  cool. 

Iron  made  from  ores  containing  a  considerable  amount  of  phosphorus 
is  always  cddskort;  thus,  the  characteristic  of  Cleveland  iron  is  cold- 
8hortnes&  Cold-short  iron  is  also  produced  when  siliceous  materials  are 
used  for  fettling ;  both  phosphorus  and  silicon,  therefore,  appear  to  make 
iron  cold-short 

The  exact  cause  of  recMwrtnesa  in  welded  iron  is  not  always  very 
clear.  Bed-short  iron  is  produced  from  ores  that  are  deficient  in  phos- 
phorus, and  the  addition  of  that  substance,  by  the  introduction  of  Cleve- 
land pig,  or  some  similar  variety,  produces  the  best  results,  when  mixed 
with  hffimatite  pig  or  the  purer  charcoal  irons.  The  red-short  character 
of  Welsh  iron  cannot  always  be  attributed  to  the  absence  of  phosphorus, 
bs  it  is  in  many  instances,  although  not  always,  undoubtedly  due  to  the 
presence  of  sulphur.  Iron  may  at  the  same  time  be  both  red-short  and 
cold-ehort;  this,  which  is  the  worst  possible  description  of  iron,  is  pro- 
duced from  ores  containing  a  high  percentage  of  both  sulphur  and  phos^ 
phorus.  Red-shortness  is  believed  to  be,  in  some  cases,  due  to  a  deficiency 
of  carbon  in  the  wrought*iron,  since  the  most  fibrous  and  the  toughest 
iron  acquires  this  property  if  melted  in  a  clay  crucible  and  afterwards 
heated,  doubled,  and  welded. 

The  waste  heat  of  puddling  and  re-heating  furnaces  is  frequently  em- 
ployed for  the  generation  of  steam,  and  it  is  sometimes  also  made  use  of 
for  heating  the  blast ;  another  method  of  utilising  this  waste  heat  has 
been  described  under  the  head  of  *'  Gaseous  Fuel." 

Steel. 

Every  description  of  ironstone  is  capable  of  affording  cast-iron  and 
wrought-iron ;  but  the  properties  of  the  product  obtained  will  vary  both 
in  accordance  with  the  nature  of  the  ores  employed,  and  with  the  method 
of  treatment  resorted  to,  since  all  will  not  effect,  in  an  equal  degree,  the 
elimination  of  foreign  substances.    The  metal  obtained  will  consequently 
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be  more  or  less  tenacious  or  brittle,  bard  or  soft,  pure  or  impure ;  in  all 
cases,  however,  the  names  ** cast-iron"  and  " wrought-iron "  will  be 
applied  to  the  extreme  results.  In  the  same  way  all  intermediate  pro- 
ducts which  cannot  be  classed  with  cast-iron  on  the  one  hand,  or  with 
wrought-iron  on  the  other,  may  be  caUed  **  steeL" 

The  crude  product  obtained  from  the  reduction  of  iron  ores  in  the 
blast-furnace  is  known  as  *'  cast-iron ; ''  it  is  not  malleable,  particularly 
when  hot,  but  may  be  hardened  by  sudden  cooling.  The  term  ''  wrought- 
iron  "  is  applied  to  the  more  or  less  refined  metal  produced  either  from 
pig-iron  or  directly  from  iron  ores ;  it  is  malleable,  both  hot  and  cold,  but 
it  is  not  capable  of  being  tempered. 

Steel  forms  an  intermediate  link  between  ordinary  cast-iron  and 
wrought-iron,  uniting,  in  a  certain  degree,  the  properties  of  both;  its 
distinguishing  characteristic  is  its  capability  of  being  hardened  or 
softened  at  pleasure  by  rapid  or  slow  cooling.  It  cannot,  however,  be 
said  where  steel  begins  or  where  it  ends;  it  is  a  member  of  a  series 
commencing  with  the  most  impure  pig-iron,  and  ending  with  the  softest 
and  purest  malleable  iron.^ 

According  to  Fr^my,  steel  is  not  simply  a  combination  of  carbon 
and  iron,  but  is  a  nitro-carbide,  the  presence  of  nitrogen  being  essential 
to  the  production  of  steel.  He,  however,  subsequently  became  aware  that 
not  only  does  wrought-iron  contain  nitrogen,  but  also  that  it  is  present 
in  larger  proportion  than  in  ordinary  cast-steel;  and,  as  the  case  at 
present  stands,  the  weight  of  evidence  is  decidedly  against  the  necessity 
of  the  presence  of  nitrogen  in  steeL  The  older  view  of  Karsten,  that 
its  essential  qualities  are  due  to  variations  in  the  amount  of  carbon 
present^  is  now  generally  admitted  to  be  more  probably  correct  At  all 
events,  it  is  now  thoroughly  established  that  nitrogen  occurs  in  steel  in 
very  small  proportions  only ;  and  that  if  its  presence  be  necessary  to  the 
constitution  of  steel,  it  must  be  still  more  necesaaiy  to  that  of  wrought- 
iron  and  pig-metaL 

Steel  may  be  produced — ^first,  directly  from  iron  ores ;  secondly,  by 
the  addition  of  carbon  to  malleable  iron  ^  thirdly,  by  the  partial  decar- 
burization  of  pig-iron ;  fourthly,  by  diluting  the  carbon  in  pig-iron  by 
the  addition  of  malleable-iron. 

I  Stbbl  by  thb  Dirbct  Rbduotion  of  Iron  Orbs. — By  the  Catalan 
process,  previously  described,  steely  iron,  fer  aeih'eux,  is  produced  under 
certain  special  conditions  of  working.  The  most  important  of  these  con- 
ditions are  as  follow  :  The  employment  of  a  small  quantity  of  greillade, 
and  a  large  proportion  of  charcoal ;  the  ore  is  frequently  and  gradually 
pushed  forward  from  the  contrevent  towards  the  tuyer ;  the  slag  is  tap- 
ped often,  and  ample  time  allowed  for  the  formation  of  the  ''masse" 
or  bloom.  It  is  also  generally  considered  that  the  tuyer  should  be 
less  inclined,  and  that  the  contrevent  should  have  more  slope ;  towards 

^  Kanten  gave  this  definition  of  steel  as  long  ago  as  1823.  *' Annalei  dee  Mioet," 
1824,  vol.  ix.  p.  667. 


IRON.  325 

the  end  of  the  process  less  blast  should  be  given  than  in  the  case  of 
soft  iron.  The  denser  varieties  of  charcoal  should  be  employed,  and  the 
presence  of  manganese  in  the  ores  treated  is  desirable.  Much  will^ 
however,  depend  on  the  skill  of  the  workman ;  as,  with  the  same  mate- 
rials, one  man  will  produce  a  large  proportion  of  steely  iron,  while 
another  will  obtain  little  or  none. 

Although  in  this  case  steel  is  produced  in  one  operation,  yet  the  ore 
must  first  be  reduced,  and  the  resulting  metallic  iron  subsequently  car- 
bnrized  by  contact  with  incandescent. charcoal.  By  this  process  uniform 
carburization  cannot  be  secured ;  the  bars,  obtained  by  hammering  out 
the  resulting  blooms,  are  therefore  broken  on  the  anvil,  and  the  various 
fragments  selected  and  classified  in  accordance  with  their  respective 
fractures. 

A  patent  was  granted  in  1791  to  Samuel  Lucas  for  making  cast-steel 
by  melting  rich  iron  ores  with  carbonaceous  matter — charcoal,  horn,  bone- 
dust,  or  other  cementing  substances.  Patents  were  obtained  for  substan- 
tially the  same  process  by  David  Mushet  in  1800,  and  by  John  Isaac 
Hawkins  in  1836.  In  1854  a  patent  was  granted  to  Samuel  Lucas  for 
an  improved  method  of  manufacturing  steel,  which  essentially  consisted 
in  interstratifying  the  bars  of  iron  in  an  ordinary  converting  furnace  with 
lumps  of  iron  ore.  It  is  directed  that  the  bars  should  not  be  allowed  to 
touch  the  iron  ore,  as  they  would  adhere  to  it ;  and  a  claim  is  inserted  in 
the  specification  for  the  conversion  of  iron  ore  into  steel  without  the  pre- 
sence of  bar-iron. 

A  patent  was  obtained  by  William  Edward  Newton,  in  1856,  for 
improvements  in  the  process  of  manufacturing  steel,  &c.,  being  a  com- 
munication from  abroad.  The  iron  ores  are  directed  to  be  reduced  to 
fragments  of  about  forty  to  the  cubic  inch,  mixed  with  charcoal  or  other 
carbonaceous  matter,  and,  if  necessary,  with  suitable  fluxes,  in  alternate 
layers,  and  kept  heated  to  whiteness  during  about  forty-eight  hours  in  a 
suitable  cementing  vessel.  After  cooling,  the  ore  thus  treated  is  either 
melted  in  crucibles,  to  form  cast-steel,  or  worked  up  in  a  furnace  into 
spiing-steeL 

Some  years  since  experiments  were  made  at  the  Dowlais  Iron- Works 
by  Mr.  K  Biley,  on  the  direct  production  of  cast-steel  from  iron  ores ;  it 
was,  however,  found,  that  although  steel  of  excellent  quality  was  some- 
times produced,  uniform  results  could  not  be  obtained. 

Stebl  by  Addition  op  Carbon  to  Malleable  Iron.  Cementation. — 
This  is  an  old  process,  but  of  its  history  little  is  known.  Beckmann  states 
that  there  is  no  allusion  to  it  in  the  writings  of  the  ancients ;  but  it  was 
well  described  in  1722,  by  B^umur,  in  his  treatise  on  the  art  of  convert- 
ing bar-iron  into  steel.  This  treatise  is  illustrated  with  engravings,  in 
which  converting-furnaces,  similar  in  all  essential  respects  to  those  now 
in  operation,  are  represented. 

When  it  is  desired  to  purify  cast-iron  as  completely  as  possible,  the 
operation  of  fining  must  be  prolonged  until  wrought-iron  is  produced,  and 
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from  this  steel  is  obtained  by  re-carburization.  This  is  the  method 
usually  pursued  in  the  Bessemer  and  Siemens-Martin  processes  for  the 
direct  production  of  cast-steel ;  but^  as  in  these  operations  the  re-car- 
burization of  the  iron  is  effected  by  the  introduction  of  cast-iron,  the 
impurities  contained  in  it  become  incorporated  in  the  ultimate  product. 
When,  therefore,  steel  of  fine  quality  is  required,  the  carburization  must  be 
effected  on  the  principle  of  cementation,  by  the  use  of  carbonaceous  reagents. 
The  furnace  in  which  this  operation  is  conducted,  is  represented  in 
the  accompanying  woodcut,  fig.  107.    It  consists  of  an  oblong  rectangular 

chamber,  divided  into  two  parts  by 
a  long  and  narrow  fire -^  place,  a, 
which  passes  through  its  centre  and 
is  provided  with  a  door  -at  either 
extremity,  by  which  fuel  is  sup- 
plied. On  each  side  of  this  is  a 
chest  or  converting -poi^  6,  made 
either  of  fire-brick  or  fire-stone,  and 
so  supported  on  flues  as  to  allow  of 
the  heat  and  flame  passing  beneath 
the  troughs  through  openings,  in 
connection  with  the  chimneys,  c 
By  these  the  smoke  and  heated  air 
escape  from  beneath  the  arch,  which 
is  thrown  over  the  two  chests  and 
the  fire-place  by  which  they  are 
heated.  In  the  brickwork  at  the 
ends  of  these  troughs  man-holes,  dL, 
are  left  for  the  purpose  of  intro- 
ducing the  iron  bars  into  the  fur* 
nace;  these  are  bricked  up  during 
the  working  of  the  apparatus,  but 
when  it  has  cooled  they  allow  of 
the  workmen  entering  either  to 
charge  the  bars  of  iron,  or  to  re- 
move the  steel  produced  by  theit 
cementation. 

The  whole  furnace  is  built 
under  a  conical  hood,  6,  of  from  30 
to  40  feet  in  height,  which  serves 
both  to  prevent  loss  of  heat  by 
radiation,  and  to  carry  off  the  smoke  and  gases  generated  by  the  com- 
bustion of  the  fuel  employed. 

The  converting-pots  vary  from  8  to  15  feet  in  length,  and  from  2\ 
to  3  feet  in  width  and  depth ;  the  smaller  chests  are  found  to  produce 
steel  of  more  uniform  quality,  but  are  less  economically  worked  than 
those  of  larger  size. 


Fig.  lOT.—CoD  verting-Fiirnace ;  tnuMBvene 
section. 
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The  depth  of  the  fire-place  depends  both  on  the  nature  of  the  fuel 
employed,  and  on  the  dimensions  of  the  chests  to  be  heated :  the  space 
between  these  is  usually  about  18  inches  in  width,  but  in  some  instances 
one  chest  only  is  employed,  and  under  these  circumstances  it  is  placed 
immediately  over  the  grate  on  which  the  fuel  is  consumed.  The  degree 
of  heat  applied  is  regulated  by  opening  or  closing  apertures  in  the  arch, 
and  by  limiting  the  amount  of  air  passing  into  the  furnace  through  the 
grate. 

The  iron  to  be  converted  is  in  the  form  of  straight  bars,  usually  about 
3  inches  in  width  and  |  inch  in  thickness ;  in  order  to  allow  for  expan- 
sion these  must  be  somewhat  shorter  than  the  chest  in  which  they  are 
to  be  placed.  Charcoal,  which  has  passed  through  a  riddle,  of  ^  to  f 
inch  mesh,  is  first  spread  evenly  over  the  bottom  of  each  chest,  and  on 
this  a  layer  of  bars  is  laid  longitudinally,  flat  side  downwards,  with  very 
small  spaces  only  between  them.  When  the  iron  is  too  short  to  extend 
the  whole  length,  the  empty  spaces  are  filled  up  with  short  pieces  or  ends 
of  bars.  This  first  layer  of  bars  is  covered  by  a  stratum  of  charcoal 
about  half  an  inch  in  thickness ;  on  this  another  layer  of  bars  is  placed, 
and  80  on  in  succesf«ion,  iron  bars  alternating  with  layers  of  charcoal, 
until  the  chests  are  filled.  A  thick  layer  of  charcoal  is  now  placed  upon 
the  top,  and  the  whole  is  plastered  over  with  grinders'  waste,  or  **  wheel- 
swarf,"  a  substance  produced  by  the  wear  of  the  siliceous  grindstones 
employed  by  cutlers  and  others  in  the  manufacture  of  articles  of  steel. 
This  consists  of  disintegrated  siliceous  sandstone  mixed  with  finely 
divided  and  partiaUy  oxidized  particles  of  steel,  which  combine  more  or 
less  completely  with  the  silica,  and  a  compact  air-tight  covering  is  the 
result ;  when  grinders'  waste  is  not  obtainable,  clay  may  be  substituted 
for  it  As  soon  as  the  charging  of  the  chests  has  been  effected,  the  man- 
holes  are  stopped  with  bricks,  and  the  fire  is  lighted,  care  being  taken  to 
keep  up  a  temperature  of  glowing  redness  during  periods  varying  in 
accordance  with  the  nature  of  the  steel  it  is  desired  to  produce.  Spring- 
steel  requires  seven  days,  shear-ateel  eight  days,  and  steel  for  welding 
from  nine  to  ten  days.  The  progress  of  the  operation  is,  from  time  to 
time,  ascertained  by  means  of  trial-bars,  which  are  inserted  and  removed 
tlirough  holes  left  in  the  ends  of  the  chests,  and  from  an  inspection  of 
the  fracture  of  these,  when  cold,  a  judgment  is  formed  of  the  degree  of 
carburization  which  has  been  attained.  The  ends  of  these  bars  protrude 
heyond  the  furnace,  and  care  is  taken  to  prevent  access  of  air  by  carefully 
claying-up  the  openings  left  between  the  iron  bars  and  the  sides  of  the 
trial-holes.  When  the  cementation  has  attained  the  desired  point,  fuel 
is  no  longer  supplied  to  the  grate,  and  the  furnace  is  allowed  to  oool 
during  several  days  before  commencing  to  remove  the  charge.  As  soon, 
however,  as  the  temperature  has  become  sufficiently  reduced  to  allow  a 
man  to  enter,  the  bars  are  taken  out,  broken,  and  assorted  in  accordance 
vith  the  indications  presented  by  their  fractured  surfaces.  Iron  pro- 
duced from  Swedish  magnetic  ores  is  employed  in  the  production  of  th^ 
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best  kinds  of  cement-steel,  and,  generally  speaking,  hammered  bats  are 
preferred  to  those  made  by  rolling.  The  smaller  forges,  situated  in  the 
eastern  part  of  Sweden,  and  working  in  connection  with  the  Dannemora 
mines,  produce  the  most  esteemed  brands ;  the  iron  of  Lofsta,  known  as 
(Q  iron,  is  one  of  those  having  a  very  high  reputation.  The  charge  of  a 
furnace  of  the  usual  dimensions  consists  of  from  16  to  18  tons  of  bar- 
iron  ;  as  before  stated,  chests  of  moderate  size  are  found  to  afford  more 
satisfactory  results  than  very  large  ones,  since  in  the  latter,  a  uniform 
temperature  cannot  be  maintained  throughout  Consequently,  the  bars 
towards  the  centre  will  be  carburized  in  a  less  degree  than  those  situated 
nearer  the  bottom,  sides,  and  top  of  the  chest. 

On  "  drawing  a  heat "  a  portion  of  the  charcoal  is  always  found  to 
have  retained  its  original  form,  while  the  remainder  has  become  reduced 
to  a  soot-like  dust ;  the  whole  is  now  sifted  and  washed,  in  order  to  free 
it  from  the  finer  particles,  and,  when  dry,  the  portion  which  has  not 
passed  through  the  meshes  of  the  sieve  is  added  to  an  equal  bulk  of  fresh 
charcoal,  and  well  mixed  with  it.  The  mixture  thus  obtained  is  found 
to  afford  more  satisfactory  results  than  entirely  fresh  charcoal,  which 
requires  a  longer  time  to  effect  the  complete  conversion  of  the  iron. 
The  addition  to  charcoal  of  small  quantities  of  carbonate  of  barium, 
alkaline  carbonates,  ferrocyanide  of  potassium,  or  of  organic  matter  con- 
taining nitrogen,  has  at  different  times  been  recommended,  but  none  of 
these  substances  are  practically  in  use,  except  for  case-hardening. 

The  physical  properties  of  the  bars  before  and  after  conversion  differ 
very  considerably ;  the  colour  of  the  fractured  surfaces  of  the  carburized 
bar  has  no  longer  the  bluish  tint  of  malleable  iron,  but  has  acquired  a 
reddish-white'^aspect  not  unlike  that  of  bismuth,  and  the  texture  has 
become  scaly  and  crystalline. 

The  most  remarkable  characteristic  of  the  carburized  bars^  and  that 
from  which  this  product  derives  the  name  of  bltster-sted,  is,  however,  the 
blistering  of  their  surfaces.  When  the  blisters  are  small  in  size,  and  are 
distributed  with  a  certain  amount  of  regularity,  it  is  an  indication  that 
the  steel  is  of  good  quality ;  but  when,  on  the  contrary,  they  are  large 
and  follow  particular  lines,  it  is  indicative  of  a  want  of  homogeneity  in 
the  iron  used. 

Much  diversity  of  opinion  has  been  entertained  with  regard  to  the 
cause  of  these  blisters,  which  are  evidently  due  to  gaseous  expansion  from 
within,  while  the  iron,  from  being  exposed  to  a  high  temperature,  is  in  a 
soft  state.  The  most  probable  explanation  appears  to  be  that  they  are 
due  to  the  action  of  the  cementing  material  on  particles  of  slag,  consisting 
of  ferrous  silicates,  enveloped  in  the  metal,  and,  as  the  reduction  of  the 
iron  in  those  to  the  metallic  state  will  be  attended  with  the  formation  of 
carbonic  oxide,  the. evolution  of  this  gas  would  account  for  the  formation 
of  the  blisters. 

The  average  increase  of  weight  experienced  by  iron  during  its  con- 
version into  blistered  steel  amounts  to  from  ^  to  j  per  cent ;  and  the 
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amount  of  coal  consumed  is  from  75  to  90  per  cent  of  the  weight  of 
steel  produced.  Blister- steel  may  he  used  for  steeling  the  faces  of 
hammers  and  sledges,  hut  its  texture  is  not  sufficiently  uniform  for 
general,  purposes ;  hy  re-heating  and  drawing,  or  hy  faggoting,  welding, 
and  hammering,  or  rolling,  it  is  converted,  in  accordance  with  its  degree 
of  carhurization,  die,  into  spring-steel  or  shear-steeL  The  former  is  pro- 
duced hy  drawing  out  hars  of  mild  hlister-steel  at  a  low  heat,  and  the 
latter  hy  making  hlister-steel  into  piles  or  faggots,  re-heating  in  a  hollow 
fire,  and  drawing  into  hara  The  surfaces  of  these  piles  are  covered 
with  clay  during  the  process  of  re-heating ;  this,  hy  forming  a  vitreous 
slag,  protects  the  comhined  or  dissolved  carhon  from  the  action  of  the 
hlast.  After  heing  once  suhjected  to  this  treatment  the  product  ohtained 
is  known  as  Bingleshear  ;  hy  douhling  the  hars  and  repeating  the  process 
double-shear  is  produced. 

Crucible  Cast-Steel. — ^Although  hlister-steel  may,  hy  repeated  work- 
ings under  the  hammer,  he  drawn  into  hars  possessing  tolerahle  uniformity 
of  composition,  yet  this  treatment  is  necessarily  attended  with  a  certain 
loss  of  carhon  and  consequent  reduction  of  hardness.  The  requisite 
uniformity  of  structure  may,  however,  he  ohtained  hy  hreaking  up  the 
crude  hars  ohtained  hy  cementation,  and  fusing  the  fragments  in  crucihles 
from  which  air  is  carefully  excluded.  The  contents  of  these  crucihles, 
when  melted,  are  poured  directly  into  cast-iron  moulds,  hut  where  very 
large  masses  of  cast-steel  are  required,  a  great  numher  of  crucihles  are 
either  emptied  into  a  foundry-ladle  h^fore  casting,  or  the  pouring  is  so 
arranged  that,  hy  hringing  up  constant  relays  of  fresh  pots,  a  continuous 
stream  of  liquid  metal  is  kept  up.  In  this  way  large-sized  ingots,  20 
tons  and  upwards  in  weight,  are  currently  made  hy  Krupp  of  Essen,  who 
employs  crucihles  containing  70  Ihs.  of  steeL  The  material  employed  is 
stated  to  he  a  mixture  of  puddled  steel  and  wrought-iron,  with  addition 
of  carhonaoeous  matter ;  each  furnace  holds  from  2  to  24  pots,  and  their 
removal  is  facilitated  hy  a  mechanical  lifting  apparatus  placed  helow  the 
ash-pit  The  manufacture  of  cast-steel  was  introduced  at  Sheffield  hy 
Huntsman  in  1740,  and  has  heen  continued  almost  without  modification 
to  the  present  day. 

The  general  arrangement  of  a  steel  melting-shop  is  exceedingly 
simpla  The  melting-hole  or  furnace  is  a  rectangular  cavity,  from  18 
inches  to  2  feet  square,  and  ahout  3  feet  in  depth  to  the  grate,  lined 
either  with  fire-hrick  or  ganister.  The  top  is  on  a  level  with  the  floor, 
the  grate-hars  and  ash-pit  heing  readily  accessible  from  a  cellar  beneath ; 
the  cover  is  a  square  fire-tile,  set  in  an  iron  framing  with  a  projecting 
handle.  A  little  helow  the  mouth  is  a  short  rectangular  flue,  having  a 
considerably  less  area  than  that  of  the  furnace  itself,  and  communicating 
with  the  stack,  which,  in  order  to  command  a  sufficiently  active  draught, 
should  not  be  less  than  40  feet  in  height 

Several  furnaces  are  arranged  parallel  with  the  walls  on  opposite 
sides  of  the  melting-house,  thus  leaving  in  the  centre  of  the  floor  a 
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clear  space  for  the  moulds.  The  crucibles  ape  made  of  a  mixture  of  re- 
fractory clay  from  the  Coal-measures,  with  ground  potsherds  and  ooke- 
dust,  and  are  usually  from  16  to  18  inches  in  height,  and  from  6  to  7 
inches  in  diameter  at  the  moutk  Two  crucibles  are  generally  placed  in 
a  furnace,  the  charge  of  each  varying  from  35  to  80  lbs.  They  aie 
supported  on  discs  of  fire-clay  standing  on  the  grate-bars^  but  before 
being  used  require  to  be  annealed  by  being  gradually  heated  to  redness 
in  an  open  fire.  This  is  done  by  placing  -them,  in  batches  of  about 
twenty,  bottom  upwards,  together  with  their  covers,  on  a  layer  of  red-hot 
coal  supported  on  a  grate;  the  spaces  between  them  are  now  filled 
with  coke,  and  they  gradually  become  heated  to  redness.  The  red-hot 
crucibles  are  removed  to  the  melting- furnaces,  and  placed  on  their 
respective  stands ;  the  fires  are  replenished  with  coke,  and  as  soon  as  the 
crucibles  have  become  heated  to  redness,  which  takes  place  in  about  twenty 
minutee,  they  are  charged  with  blister-steel  alone  or  with  other  materials 
such  as  steel  and  wrought-iron  scrap  together,  spiegeleisen  or  other  man- 
ganiferous  substances,  according  to  the  temper  required  in  the  finished 
product.  This  is  broken  into  small  pieces,  properly  assorted,  and  intro- 
duced through  a  wrought-iron  funnel ;  after  which  the  cover  is  placed 
upon  the  pot,  and  the  full  heat  of  the  furnace  kept  up  for  four  or  five 
hours.  A  fresh  addition  of  coke  requires  to  be  made  about  every  three- 
quarters  of  an  hour. 

When  the  charge  has  become  completely  fused,  which  is  ascertained 
by  removing  the  cover  and  feeling  the  inside  of  the  crucible  with  a  long, 
pointed,  iron  rod,  it  is  left  at  rest  for  a  period  which  varies  with  the 
carbon  temper  of  the  metal  This  operation,  known  as  kiUingy  is  of  the 
utmost  importance  for  the  production  of  sound  ingota  The  effect  is 
probably  due  to  the  absorption  of  silicon,  which  is  reduced  from  the 
substance  of  the  crucible  by  the  carburized  molten  metal.  The  surface  of 
the  metal  is  skimmed  from  any  adhering  slag,  and  the  pot  is  lifted  out  of 
the  furnace  by  means  of  tongs  with  strong  concave  jaws.  The  ingot- 
moulds,  which  are  made  of  cast-iron,  are  often  covered  with  a  coating  of 
carbon  by  being  wiped  with  oil  while  still  hot,  or  they  may  be  washed 
with  a  mixture  of  clay  and  water,  ground  to  the  consistency  of  cream. 
As  soon  as  the  pot  has  been  withdrawn  from  the  furnace  it  is  placed  in 
the  teaming-hole^  which  is  a  small  pit  in  the  floor,  containing  broken 
pieces  of  coke,  where  it  is  allowed  to  cool  for  a  short  time  pravioua  to 
pouring.  When  an  ingot-mould  has  been  filled,  its  mouth  is  covered 
either  by  a  shovelful  of  dry  sand  or  by  a  plate  of  sheet-iron. 

When  the  first  charge  has  been  poured,  the  crudbie,  after  being  freed 
from  any  adhering  slag,  is  returned  to  the  furnace,  in  readiness  for  a 
second  melting.  The  amount  of  metal  now  withdrawn  is  somewhat  less 
than  that  melted  during  the  first  fusion;  the  time  required  for  the 
operation  is  also  less,  and  the  consumption  of  coke  proportionately 
diminished.  The  first  melting  occupies  from  four  to  five  hours,  while  the 
second  and  third  only  require  from  two  to  two  and  a  half  hours  each. 
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After  from  three  to  five  snccessive  meltings,  the  furnace  is  allowed  to 
cool,  since  the  very  high  temperature  which  would  otherwise  be  attained 
-would  so  corrode  the  surface  of  the  lining  as  to  greaily  increase  the  area 
of  the  furnace,  and  thus  cause  waste  of  fuel  The  total  amount  of  fuel 
consumed  is  usually  from  three  to  three  and  a  half  tiihes.  the  weight  of 
the  ingots  produced  ;  but  if  the  coke  employed  be  of  bad  quality  it  may 
reach  as  high  as  five  times  the  weight  of  the  cast- steel  made. 

Where  good  coke  is  scarce  small  reverberatory  furnaces,  holding 
9  pots,  have  sometimes  been  used  instead  of  coke  melting-holes,  and 
Siemens'  regenerative  furnace  has  also  been  applied  to  steel-melting  with 
considerable  advantage.  In  the  latter,  the  furnace,  which  has  a  remov* 
able  arch,'  takes  from  18  to  24  pots,  and  the  fusion  of  1  ton  of  ingots, 
instead  of  requiring  3^  tons  of  coke,  is  effected  by  the  consumption  of 
I^  ton  of  ordinary  coalnsdack. 

The  fractured  surfaces  of  ingots  of  cast-steel  vary  in  appearance,  in 
accordance  with  their  hardness.  The  softer  kinds  are  bright  and  finely 
granular,  while  the  harder  varieties  exhibit  distinct  crystalline  plates 
arranged  in  parallel  bands  at  right  angles  to  the  surfaces  of  the  mould, 
so  that  in  a  square  ingot  they  exhibit  a  tendency  to  form  a  cross.  The 
ingots  produced  are  in  all  cases  more  or  less  unsound,  containing  vesi- 
cular cavities,  which  can  only  be  removed  by  re-heating  and  hammering. 
This  is  effected  at  a  low  temperature,  and  access  of  air  to  the  furnace 
during  the  operation  is,  as  far  as  possible,  prevented. 

Hindoo  Process. — According  to  Mr.  Josiah  Marshall  Heath,  wootz^  or 
Indian  steel,  is  prepared  from  iron  made  in  the  ordinary  Hindoo  furnace, 
by  fusion  in  crucibles  made  of  refractory  clay,  in  which  is  placed,  together 
with  the  metal  to  be  converted,  a  certain  portion  of  finely  chopped  wood, 
for  which  purpose  that  of  the  Asdepias  gigantea  or  Cassia  auriculata  is 
preferred  The  quantity  of  iron  put  into  each  crucible  does  not  usually 
much  exceed  a  pound  in  weight,  and,  after  covering  the  pots  with  one 
or  two  green  leaves  of  the  Convolvtdtu  laurifoliuSy  they  are  closed  with 
wetted  clay,  and  placed  in  the  sun  to  dry. 

When  the  clay  plugs  have  become  sufficiently  hardened,  from  twenty 
to  twenty-four  of  these  crucibles  are  built,  in  an  arched  form,  on  the 
bottom  of  a  small  blast-furnace,  and  strongly  heated  during  from  two  to 
three  hours  with  a  blast  produced  by  two  bellows,  each  made  of  a  bullock's 
hide.  At  the  expiration  of  this  time  the  conversion  is  considered  to  be 
completely  effected ;  the  furnace  is  then  aUowed  to  cool,  and  the  crucibles 
are  removed  and  severally  broken,  when  the  steel  is  found  in  the  form  of 
a  rounded  button  occupying  the  bottom  of  each  pot. 

The  cakes  of  steel  thus  obtained  are  prepared  for  drawing  into  bars 
by  exposing  them  during  several  hours  in  a  charcoal  fire,  to  a  tempera* 
ture  sli^Uy  below  their  melting  point.  The  fire  is  urged  by  bellows, 
and  the  cakes  are  turned  over  before  the  blast ;  from  this  circumstance 
Mr.  Heath  arrives  at  the  conclusion,  that  in  order  to  insure  complete 
^ion  of  the  contents  of  the  crucibles,  the  addition  of  a  large  excess  of 
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carbon  is  necessai^,  SLud  that  this  excess  in  the  too  highly  carburized 
steel  is  oxidized  in  the  way  above  described. 

The  late  Mr.  T.  H.  Henry  found  that  a  specimen  of  wootz  in  the 
form  of  an  inch  sqfiare  bar,  four  inches  long,  contained — 

C  Combined.  C.  Uncombined.  Silicon. 

1-888  0-812  0-045 

(Jhenoft  Process. — The  production  of  iron  sponge  by  this  process  has 
been  already  described,  and  it  therefore  only  remains  to  explain  by  what 
means  the  carburization  of  the  metallic  sponge  is  effected.  For  this 
purpose  it  is  either  intimately  mixed  with  charcoal-powder  or  other  solid 
material  rich  in  carbon,  such  as  a  mixture  of  resin  and  charcoal,  or  it 
may  be  impregnated  by  imbibition  with  some  substance  rich  in  carbon, 
such  as  wood-tar  or  fatty  matter.  The  ground  sponge,  after  having  been 
immersed  in  the  carburizing  liquid,  is  allowed  to  remain  until  complete 
saturation  has  taken  place,  and,  when  necessary,  a  gentle  heat  is  employed 
for  the  purpose  of  facilitating  imbibition.  The  metallic  sponge,  when 
thus  saturated,  is  drained  and  torrefied  in  a  close  vessel  during  one  hour, 
and  when  fatty  matters  have  been  employed  as  the  carburizing  agent,  the 
sponge,  after  having  been  impregnated  in  lumps,  is  ground  with  the 
addition  of  75  per  cent,  of  fresh  sponge  to  which  no  addition  of  carbon 
has  been  made.  This  is  done  to  prevent  over-carburization,  and  .the 
production  of  too  hard  a  steel  After  having  been  thus  prepared  it  is 
eompressed  into  the  form  of  small  cylindrical  masses  occupying  about 
two-thirds  its  original  bulk,  and  these  are  melted  in  crucibles  in  exactly 
the  same  way  as  ordinary  bliste^steeL  The  siliceous  and  earthy  ingredients 
of  the  ore  form  a  slag  which  floats  on  the  top  of  the  molten  steel,  and, 
immediately  before  pouring,  this  is  thickened  by  the  addition  of  a  little 
sand,  and  then  removed  by  skimming.  The  charge  of  each  crucible  is 
from  18  to  25  kilos.,  and  the  operation  occupies,  on  an  average,  four 
hours.  Steel  of  fair  quality  has  been  produced  in  the  way  described,  but 
the  expense  of  fusion  is  necessarily  great,  since  the  compressed  sponge 
occupies  a  much  larger  space  than  an  equal  weight  of  blister-steel,  and 
consequently  the  charge  of  crucibles  of  the  same  capacity  will  be  pro- 
portionately less. 

Mtishefs  Steel;  ffomogeneous  Metal, — A  patent  was  granted  in  1800 
to  David  Mushet  for  a  process  for  manufacturing  cast-steel  by  fusing 
malleable  iron  in  crucibles  with  a  proper  addition  of  carbonaceous  matter. 
Different  qualities  of  steel  may  be  obtained  by  varying  the  proportion  of 
carbon,  a  small  quantity  producing  a  softer  variety  than  a  larger  one. 
The  specification  states  that  "steel  produced  with  any  proportion  of 
charcoal  not  exceeding  ^jg  will  generally  be  found  to  possess  every  pro- 
perty necessary  to  its  being  cast  into  those  shapes  which  require  great 
elasticity,  strength,  and  solidity ;  it  will  also  be  found  generally  capable 
of  sustaining  a  white  heat^  and  of  being  welded  like  malleable  iron ; 
indeed,  as  the  proportion  of  charcoal  or  other  carbonaceous  matter  is 
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reduced,  the  qualities  of  the  steel  will  be  found  to  approach  nearer  to 
those  of  common  malleable  iron."  In  his  well-known  '^  Papers  on  Iron 
and  Steel "  Mr.  Mushet  thus  describes  the  properties  of  the  metal  pro- 
duced :  "  When  iron  is  presented  in  fusion  to  yJtt  or  y|^  of  its  weight 
of  charcoal,  the  resulting  product  occupies  a  kind  of  middle  state  betwixt 
malleable  iron  and  steeL  It  then  welds  with  facility,  and  may  be  joined 
to  iron  or  steel  at  a  very  high  welding  heat.  Thus  combined  with  carbon 
it  is  still  susceptible  of  hardening  a  little,  but  without  any  great  altera- 
tion in  the  fracture.  It  possesses  an  uncommon  degree  of  strength  and 
tenacity,  and  is  capable  of  an  exquisite  degree  of  polish,  arising  from  its 
complete  solidity  and  the  purity  of  fracture  conveyed  to  it  by  fusion." 

It  will  be  observed  that  the  process  patented  by  Mr.  Mushet  is  nearly 
identical  with  that  by  which  wootz  has,  from  ancient  times,  been  pre- 
pared by  the  Hindoos.  In  1839  a  patent  was  granted  to  William  Yickers 
for  the  production  of  cast-steel  by  melting  100  parts  of  iron  borings 
with  3  parts  of  black  oxide  of  manganese  and  3  parts  of  ground  charcoal. 
The  use  of  scrap-iron  is  also  claimed,  the  proportions  specified  being  28 
lbs.  of  scrap,  2  lbs.  3  oz.  of  oxide  of  manganese,  and  3  lbs.  of  charcoid. 

(kixe'h4xrieni'ng. — This  is  a  rapid  process  of  cementation,  by  which  the 
surface  of  wrought-iron  may  be  converted  into  steel.  An  iron  box  is 
often  employed  as  the  cement-chest,  and  the  charcoal  used  is,  in  most 
cases,  obtained  by  charring  some  animal  matter,  such  as  horn,  leather,  or 
hoof.  The  objects  to  be  case-hardened  are  imbedded  in  the  charcoal  in 
the  usual  way,  and  afterwards  exposed  for  a  short  time  to  a  moderate 
heat,  either  in  a  smith's  forge  or  in  some  suitable  furnace.  When  re- 
moved from  the  fire,  the  articles  are  hardened  by  being  heated  to  redness 
and  plunged,  while  still  red  hot,  into  cold  water. 

Small  articles  may  be  rapidly  case-hardened  by  sprinkling  a  little 
ferrocyanide  of  potassium  on  their  surfaces  when  red  hot ;  as  soon  as 
the  powder  has  disappeared  the  work  is  quenched  in  cold  water  in  the 
usual  way,  and,  if  the  process  has  been  properly  conducted,  the  portions 
covered  by  the  salt  will  have  become  externally  so  hardened  as  to  resist 
the  file. 

Stskl  bt  thk  Partial  Dbcarburization  of  Cast-Irok.  In  Open 
Hearths. — When,  instead  of  causing  carbon  to  combine  in  due  proportion 
with  malleable  iron,  steel  is  produced  in  an  open  hearth  by  the  partial 
decarburization  of  cast-iron,  the  resulting  product  is  known  under  the 
name  of  raw-sled,  and  may  be  employed  for  many  purposes  to  which  that 
obtained  by  cementation  is  commonly  applied.  This  variety  was  formerly 
somewhat  extensively  manufactured  on  the  continent  of  Europe,  parti- 
cularly in  Styria  and  Carinthia ;  but  the  process  has  at  the  present  time 
been  almost  entirely  superseded  by  more  improved  methods.  The  crude 
iron  best  adapted  for  this  purpose  is  that  obtained  from  spathose  ores 
and  containing  a  considerable  quantity  of  carbon,  such  as  spiegeleisen,  or 
the  strongly  mottled  variety  known  as  hlumige  Floss,  which  is  speckled 
with  gr^.  upon  a  white  ground  ^       • 
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After  haying  filled  the  hearth  with  burning  charcoal,  six  or  seven 
plates  or  slabs  of  lamellar  cast-iron  are  successively  melted  before  the 
blast  of  the  tuyer ;  these  are  from  an  inch  to  an  inch  and  a  half  in  thick^ 
ness.  At  the  commencement  of  the  operation  a  certain  quantity  of  rich 
slag  and  iron-scale,  struck  from  the  blooms  by  a  large  hammer,  is  added 
to  the  charge,  which,  melting  on  the  surface  of  the  cast-iron  when  in  a 
fluid  state,  assists  in  the  oxidation  of  the  carbon  which  it  contains. 

When  the  first  slab  is  in  a  liquefied  state,  and  has  collected  at  the 
bottom  of  the  hearth,  it  is  at  first  nearly  fluid,  but  being  there  subjected 
to  the  oxidizing  influences  of  the  rich  slags  by  which  it  is  covered,  it 
rapidly  loses  a  portion  of  its  carbon,  and  becomes  thickened  into  a  pasty 
niass.  At  this  point  another  slab  is  fused  by  being  brought  directly 
before  the  blast,  and  this,  falling  in  drops  to  the  bottom  of  the  hearth, 
again  gives  fluidity  to  the  whole  mass  of  metal  there  accumulated 
Under  the  united  influence  of  the  blast  and  of  the  oxidizing  slags,  this  in 
its  turn  loses  a  portion  of  its  carbon,  and  becomes  pasty.  A  third  slab 
is  now  melted  in  the  same  way  as  the  two  former  ones,  but  care  is  taken 
that  the  falling  drops  of  liquid  metal  may  be  received  on  the  centre  only 
of  the  molten  miiss  collected  at  the  bottom  of  the  hearth.  The  middle 
of  the  lump  only  is  now  melted  by  the  fused  cast-iron,  this  being  sur- 
rounded by  a  ring  of  spongy  metal  which  does  not  assume  the  liquid 
form.  This  operation  is  repeated  until  six  or  eight  slabs  have  been  suc- 
cessively melted,  at  the  expiration  of  which  time  from  200  to  300  lbs. 
of  spongy  iron  will  have  accumulated  at  the  bottom  of  the  furnace. 
The  slags  are,  at  this  point  of  the  operation,  run  ofi^  and  the  metal  is 
raised  from  amongst  the  fuel  by  which  it  is  covered,  and  divided  into 
wedge-shaped  fragments  by  being  out  according  to  a  series  of  lines  radiat- 
ing from  its  Centre  to  the  circumference.  By  operating  in  this  way,  the 
several  masses  of  crude  metal  will  be  found  to  have  a  nearly  similar  com- 
position, but  as  the  cake  from  which  they  are  cut  is  itself  far  from  homo- 
geneous, the  different  parts  of  the  sanie  fragment  seldom  exhibit  precisely 
the  same  degree  of  carburization.  It  consequently  follows  that  tiieae  frag* 
ments,  which  are  now  drawn  into  bars,  will  yield  rods  of  very  different 
composition  at  different  points  of  their  length.  To  remedy  this  defect, 
and  to  give  at  the  same  time  greater  density  to  the  finished  steel,  th^ 
bars  of  rough  metal  are  handed  oVer  to  a  workman, .  who,  after  hairing 
heated  them  red  hot,  and  subsequently  cdoled  them  by  plungio^  Ht  eold 
water,  raises  each  bar  by  one  of  its  ends,  and  allows  it  to  fall  heavily  on 
an  anvil  placed  for  that  purpose  on  the  floor  of  the  workshop.  By  this 
treatment  the  most  brittle  part  of  the  bar  is  detached,  and  on  striking  a 
still  harder  blow  in  the  same  way,  another  and  l^te  carburized  fragment 
is  broken  off,  whUst  the  largier  portioh,  which  remains  in  his  hands, 
merely  consists  of  a  peculiar  steely  iron,  which,  in  some  countries,  is 
used  for  the  teeth  of  Wrows,  for  ploughshares,  and  for  other  agricultural 
implements.         .  >        . 

The  parts  broken  off  are  assorted  according  to  the  structure  of  the 
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fractured  ends,  and  ate  subjected  to  a  seried  of  manipulations  destined 
to  comniunicate  to  them  greater  density  and  uniformity  of  composition. 
For  this  purpose  care  is  taken  to  weld  together  a  piece  of  hard  steely  and 
one  which  is  less  carburized ;  the  bar  thus  obtained  is  afterwards  heated^ 
and  hardened  by  being  plunged  into  water,  and  this  is  again  broken  as 
before  described,  and  subsequently  united  into  one  bar.  It  is  easily 
understood  that  by  this  treatment  the  desired  result  will  be  ultimately 
attained ;  but  this  is  produced  at  a  large  expense  of  labour  and  fuel, 
and  is  attended  with  the  loss  of  a  greater  or  less  portion  of  the  crude 
steel  employed.  The  steel  made  by  this  process  is,  when  carefuUy 
prepared,  of  excellent  quality,  and  was  at  one  time,  for  many  purposes, 
preferred  to  that  obtained  by  the  cementation  of  malleable  iron. 

Forges  of  this  kind  are  usually  small,  and  worked  by  water-power. 
Each  contains  two  fires  and  a  hammer ;  a  small  water-wheel  commonly 
gives  motion  to  the  bellows  and  another  to  the  hammer.  The  latter 
weighs  from  5  to  6  cwts.,  and  makes  from  65  to  110  blows  per  minute, 
with  a  lift  of  about  2  feet  Four  men  with  the  two  fires  will  produce 
from  14  to  15  cwts.  of  rough  steel  blooms  in  a  double-shift  of  sixteen 
hours ;  under  ordinary  circumstances  the  consumption  of  charcoal  is  about 
30  cubic  feet  per  cwt  of  steel  produced,  but  by  using  hot-blast,  and 
placing  a  coyering  over  the  hearth,  this  may  be  reduced  to  about  22 
cubic  feet.  The  Carinthian  process  does  not  differ  materially  from  the 
Styrian,  but  the  hearth  is  larger,  and  the  weight  of  metal  operated  on 
greater.  In  addition  to  performing  the  work  of  a  refinery,  the  hearth; 
in  this  case,  has  also  to  do  duty  as  a  re-heating  fire ;  the  steel  produced 
amounts  to  from  70  to  80  per  cent  of  the  pig-iron  operated  on,  and 
the  consumption  of  charcoal  is  from  40  to  50  cubic 'feci  per  cwt  of  steel 
produced. 

In  the  Siegen  district,  where,  before  the  introduction  of  puddling  and 
other  more  recent  processes  for  making  steel,  spiegeleisen  was  treated  in 
the  open  hearth,  small  charges  of  from  60  to  80  lbs.  were  melted  down 
upon  a  mass  of  mottled  iron,  which  thus  formed  the  bottom  of  the  lump; 
The  slag  was  tapped  to  within  about  3  inches  of  the  bottom,  shortly  after 
the  commencement  of  fusion,  and  additions  of  spiegeleisen  were  made  in 
diminishing  quantities,  from  40  lbs.  at  the  fifth  to  20  lbs.  at  the  seyenth 
and  last  charge.  During  these  successive  additions  the  mass  was  con^ 
stantly  maintained  in  a  pasty  semi-fiuid  condition,  and,  at  the  expira- 
tion of  eight  hours,  a  bloom,  weighing  4  cwts.,  was  obtained.  This  was 
divided  into  seven  or  eight  pieces,  which  were  tilted  into  bars,  of  which 
the  weight  amounted  to  about  70  per  cent  of  that  of  the  pig-iron 
employed. 

Puddled  Steel, — Puddled  steel  appears  to  have  been  produced  at 
Fiantschach,  in  Carinthia,  as  long  ago  as  1835,  but  after  repeated  trials 
the  process  was  ultimately  abandoned.  Bischof  made  puddled  steel  in  a 
gas  furnace  at  Magdesprung  in  the  Harz,  in  the  year  1846,  and  during 
seyeraL  years  experimental  trials  were  made  by  various  ironmasters  both 
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in  Westphalia  and  in  Bavaria.  In  1849  some  of  the  Westphalian  maun- 
facturers  had  succeeded  in  overcoming  all  practical  difficulties,  and  in 
the  following  year  puddled  steel  had  become  an  established  article  of 
commerce. 

There  is  no  essential  difference  between  puddling  for  the  production 
of  wrought-iron  and  that  for  the  production  of  steel,  except  that  in 
the  former  case  the  decarburization  is  more  completely  effected  than  in 
the  latter.  The  crude  irons  most  suitable  for  conversion  into  steel  are 
such  as  are  rich  in  carbon  and  manganese,  and  consequently  spiegeleisens, 
together  with  certain  varieties  of  ''  mottled-pig,"  are  well  adapted  for  this 
purpose.  Generally  speaking,  the  furnace  used  is  somewhat  smaller  than 
the  ordinary  iron-puddling  furnace ;  or  rather,  the  dimensions  of  the  fire- 
place and  chimney  remaining  the  same,  the  size  of  the  bed  is  somewhat 
diminished,  in  order,  when  required,  to  command  a  proportionately  higher 
temperature.  The  charge  is  introduced  in  the  form  of  fragments  of 
nearly  equal  dimensions,  and  is  so  distributed  over  the  surface  of  the 
bed  that  all  may  become  fused  about  the  same  time  and  without  the 
formation  of  any  large  quantity  of  ozida 

The  charge  of  pig-iron  does  not  commonly  exceed  from  3  to  3|  cwts. ; 
in  the  preparation  of  puddled  steel  it  is,  however,  necessary  that  the 
charge  should  not  only  be  perfectly  fused,  but  also  that  it  should  be 
covered  by  a  stratum  of  liquid  slag,  which  has  the  effect  of  regulating  or 
rendering  uniform  the  oxidation  of  the  carbon.  The  presence  of  prot^ 
oxide  of  maganese  in  the  slag  is  likewise  advantageous  as  contributing 
to  its  fluidity,  without  at  the  same  time  increasing  its  decarburizing 
influence. 

The  melting-down  and  stirring  or  rabbling  is  effected  at  a  higher  temr 
perature  than  that  employed  when  puddling  for  wrought-iron,  and  usually 
occupies  from  forty  to  forty-five  minutes ;  the  formation  of  the  steel  balls 
is,  however,  conducted  at  a  lower  temperature  than  those  of  wrought-iron, 
and  at  this  stage  of  the  operation  the  furnace  should  be  filled  with  gases 
of  a  neutral  or  reducing  character. 

Fluxes  of  a  more  or  less  oxidizing  nature,  in  accordance  with  the 
quality  of  the  pig-iron  under  treatment,  are  added  during  the  operation 
of  melting-down;  and  towards  the  close  of  the  process  the  presence 
of  a  poor,  and  therefore  slightly  oxidizing  slag,  in  a  state  of  great 
liquidity  is  required.  The  presence  of  viscid  highly  oxidizing  slags  would 
materially  accelerate  the  fining,  but  would  also  be  liable  to  result  in  a 
too  complete  decarburization  of  the  metal,  by  which  the  quality  of  the 
steel  would  be  prejudicially  affected.  Th^  decarburizing  action  of  the 
slags  is  regulated  by  the  addition  of  clay,  quartz,  poor  slags,  mill-cinder, 
<bc.,  as  may  be  required.  Sometimes  addition  of  peroxide  o£  manganese 
is  made  immediately  before  balling,  or  a  mixture  of  peroxide  of  man- 
ganese, clay,  and  salt  is  added  at  intervals  during  the  stirring.  The 
contents  of  the  furnace  are  well  stirred  during  the  second  period  of  the 
processi  and  should  the  irpn  separated  in  a  malleable. form,  accidentally 
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become  decatburized  to  too  great  an  extent,  it  may  be  brought  back  to 
the  proper  condition  by  dissolving  it  in  the  still  unaltered  pig-iron  beneath. 
When  the  metal  commences  to  rise,  the  operation  of  fining  is  promoted 
by  closing  the  damper  until  the  charge  begins  to  thicken,  when  the  heat 
is  gradually  raised,  and  the  mass  is  repeatedly  worked  with  an  iron  tool ; 
this  stirring  or  rabbling  occupies  from  forty-five  to  fifty  minutes. 

The  appearance  of  the  particles  of  metal,  which  are  constantly  brought 
to  the  surface  of  the  covering  of  liquid  slag  by  stirring,  affords  a  toler- 
able indication  of  the  progress  of  the  operation  and  of  the  nature  of  the 
product  which  will  be  obtained.  When  the  metal  thus  raised  above  the 
surface  of  the  slag  is  brilliantly  granular,  it  indicates  that  the  process  is 
progressing  satisfactorily,  and  that  the  steel  produced  will  be  fine-grained 
and  of  good  quality.  If,  on  the  contrary,  the  mass  is  coarsely  granular 
and  presents  a  flaky  appearance,  the  steel  will  be  likely  to  be  coarse  in 
texture  and  imperfectly  refined. 

The  whole  of  the  charge  may  either  be  balled-up  at  once,  or  a  por- 
tion of  it  only,  according  to  the  nature  of  the  steel  required  and  the  skill 
of  the  workmen  employed ;  in  some  cases  each  ball  is  shingled  as  soon  as 
it  is  finished,  a  new  ball  being  formed  in  the  meantime.  In  the  puddling 
of  iron  a  certain  amount  of  decarburization  takes  place  during  the  opera- 
tion of  balling;  but  in  the  case  of  steel  this  is,  as  far^s  possible,  pre- 
vented by  shutting  the  damper  and  filling  the  furnace  with  flame  and 
smoke,  thus  producing  a  neutral  or  non-oxidizing  atmosphere.  When  the 
fumaee  is  heated  by  gas,  the  same  result  is  obtained  by  shutting  off  the 
top  blast.  The  shingling  of  the  balls  is  conducted  at  a  lower  tempera- 
ture than  that  employed  for  malleable  iron,  and  those  which  cannot  be 
immediately  taken  to  the  hammer  are  rolled  in  slag,  so  as  to  give  them 
an  external  varnish,  which  tends  to  prevent  oxidation.  In  order  to 
prevent  the  decarburizing  action  of  the  slag,  the  balls  should  be  shingled 
as  quickly  as  possible ;  slags,  when  highly  basic,  act  rapidly  upon  the 
combined  carbon. 

The  fact  of  the  partial  decarburization  of  pig-iron  requiring  the 
expenditure  of  a  larger  amount  of  fuel  than  the  more  complete  removal 
of  its  carbon,  in  the  manufacture  of  wrought-iron,  can  only  be  explained 
by  the  slowness  of  the  operation,  caused  by  the  peculiar  cii-cumstances 
under  which  the  reactions  are  produced. 

The  time  required,  under  ordinary  circumstances,  to  work  off  a  heat 
for  wrought-iron  and  for  steel  will  be,  respectively,  as  follows  : — 

Iron.  Steel. 

Melting-down     .         .    80  to  40  minutes  40  to  50  minutes. 

Stirring      .         .         .    80  „  85       „  45  „  50        „ 

Boiling  and  fusing       .    25  „  80       „  20  „  25        „ 

BaUing        ...         10  10 


95  to  115  115  to  135 

The  consumption  of  fuel  in  puddling  iron  varied  considerably,  not 
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only  Tvith  its  quality,  but  also  vith  the  nature  of  the  metal  originally 
operated  on,  and  of  that  finally  produced ;  it  may,  however,  be  taken 
roughly  at  from  100  to  125  per  cent  of  the  puddled  bars  obtained.  In 
puddling  steel,  however,  from  130  to  135  per  cent  of  good  round  coal 
will  be  consumed ;  and,  should  the  quality  be  indifferent,  it  may  some- 
times reach  as  high  as  160  per  cent 

The  loss  in  puddling  steel  is  less  than  that  occurring  in  the  production 
of  wrought-iron.  In  puddling  alone,  it  varies  from  6  to  9  per  cent ;  if  the 
loss  on  re-heating  be  included,  it  will  amount  to  from  15  to  20  per  cent 

From  1,800  to  2,000  lbs.  of  shingled  steel  balls  can  be  produced  from 
one  furnace  in  twelve  hours  ;  when  puddling  wrought-iron  from  eight  to 
nine  charges  are  worked  during  that  time,  but  with  steel  from  six  to 
seven  charges  only  can  be  obtained. 

The  puddled  balls,  on  being  placed  under  the  hammer,  emit  a  blue 
flame,  due  to  the  combustion  of  carbonic  oxide ;  and  as  they  are  less  com- 
pact than  those  of  wrought-iron,  they  require  more  careful  management^ 
first  receiving  very  light  blows  and  afterwards  heavier  ones.  For  the 
purpose  of  being  drawn  into  bars,  the  blooms  are  re-heated,  either  in  a 
reverberatory  furnace  or  in  a  hollow  fire.  In  large  establishments  puddled 
steel  is  generally  re-heated  in  reverberatory  furnaces,  and  subsequently 
treated  by  steam-hammers  and  rolling-mills ;  but  in  small  works  the  re- 
heating is  conducted  in  hollow  fires,  and  the  drawing-out  is  effected 
by  the  tilt-hammer. 

This  process,  like  many  others  previously  noticed,  though  once  of  some 
importance,  has  now  become  almost  insignificant  owing  to  the  devi^opment 
of  the  Bessemer  and  Siemens  methods  of  steel-making  on  the  large  scale. 

Bestemer'a  Process, — This  process,  the  most  important  advance  made 
in  the  metallurgy  of  iron  since  the  introduction  of  hot-blast  and  the 
puddling-fumace,  was  first  made  public  by  Mr.  (now  Sir  Henry)  Bessemer 
at  the  Cheltenham  meeting  of  the  British  Association  in  1856,  but  some 
time  elapsed  before  the  conditions  necessary  for  success  on  a  working 
scale  were  determined,  and  more  particularly  the  necessity  of  using  only 
the  purest  kinds  of  pig-iron.  Some  of  the  earliest  successes  were  obtained 
in  Sweden,  and  subsequently  pig-metal  from  Cumberland  and  Lancashire 
was  almost  exclusively  employed  in  this  country.  This  process  essen- 
tially consists  of  blowing  large  quantities  of  atmospheric  air,  divided  into 
numerous  small  jets,  through  a  bath  of  molten  cast-iron,  thus  effecting 
the  rapid  oxidation  and  consequent  combustion  of  carbon,  silicon,  and 
certain  other  substances  present  in  the  pig-iron.  The  very  high  tempera- 
ture w^ich  is  thus  developed  in  the  converting-vessel  is  sufi&cient  to 
keep  liquid  the  resulting  decarburized  iron,  instead  of  leaving  it  in  the 
viscid  pasty  condition  in  which  it  is  produced  in  the  puddling-fumace. 

The  blast  is  injected  at  a  pressure  of  from  18  to  20  lbs.  per  square 
inch,  and  the  very  high  temperature  attained  is  obviously  the  result  of 
the  intimate  contact  thus  caused  between  the  air  and  the  various  oxidix- 
able^  bodies  present     This  oxidation  takes  place  simultaneously  throtxgh- 
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out  the  whole  mass,  and  not,  as  in  the  process  of  puddling,  only  at  the 
Buiface,  or  where  the  metal  comes  in  contact  with  cinder  or  some  other 
oxidizing  agent.  The  increase  of  temperature  goes  on  progressively 
from  the  moment  the  hlast  is  first  turned  on  until  it  is  again  shut  off; 
the  various  suhstances  becoming  oxidized  in  the  same  order  of  succession 
as  they  are  respectively  eliminated  by  refining  and  puddling.  The  silicon 
is  thus  first  transformed  into  silica,  which,  uniting  with  oxides  of  iron  and 
manganese,  forms  a  liquid  cinder.  If  the  blowing  be  continued  after  the 
oxidation  of  the  whole  of  the  carbon  has  been  effected,  the  heat  will  be 
kept  up  by  the  combustion  of  the  iron  itself,  and  a  product  is  ultimately 
obtained  which  possesses  all  the  properties  of  burnt  iron.  The  blowing 
must  therefore  be  stopped  before  this  point  is  reached,  or  the  metal  must 
be  "  tempered  "  by  the  addition  of  appropriate  carburizing  materials. 

By  the  first  method,  which  was  formerly  employed  in  Sweden,  the  state 
of  the  charge,  and  consequently  the  period  at  which  the  blast  should  be 
discontinued,  is  determined  by  the  appearance  of  the  flame  issuing  from 
the  converter.  The  results  obtained  by  the  second  method,  which  was 
originally  suggested  by  Mr.  Mushet,  are  of  a  more  certain  and  uniform 
character,  and  it  is  therefore  now  generally  preferred. 

Experience  has  everywhere  shown  that  in  order  to  obtain  steel  of  good 
quality  it  is  necessary  to  employ  pig-iron  of  exceptional  purity.  It 
should  in  the  first  place  be  almost  absolutely  free  from  sulphur,  phos- 
phorus, and  copper,  as  the  process  is,  practically,  incapable  of  reducing  to 
any  great  extent  the  proportion  of  those  bodies  existing  in  the  original  pig- 
iron.  On  the  other  hand,  the  presence,  within  certain  limits,  of  silicon  and 
maoganese  is  considered  desirable,  and,  until  the  whole  of  the  latter  has 
been  eliminated,  oxidation  of  the  iron  takes  place  to  a  very  limited  extent; 
the  silica  resulting  from  the  oxidation  of  silicon  combines  with  manganous 
oxide  and  forms  a  liquid  slag,  which  has,  however,  thft  Hifi^dy'^^^-^fj'*  ^^ 
exercising  ft^mrofliTfl  nctiftft  <nr  the  siliceous  lining  of  t^e  converter. 

The  English  iron  best  adapted  for  use  in  the  Bessemer  converter  is 
grey-pig  smelted  from  Cumberland  hsematite,  and  of  the  quality  indicated 
by  the  Noe.  I.  and  IL ;  it  should  contain  at  least  l^  per  cent  of  silicon  and 
not  more  than  0-2  per  cent  of  phosphorus.  At  Essen,  Westphalia,  the 
pig-iron  preferred  for  treatment  by  the  Bessemer  process  is  smelted  from 
a  mixture  of  spathic  ores  and  heematite  ;  it  contains  5  per  cent  of  carbon 
and  2  per  cent  of  silicon ;  it  aho  averages  1  per  cent  of  manganese, 
0-06  of  phosphorus,  and  0  04  of  sulphur. 

The  furnace  or  converter  employed  in  the  production  of  Bessemer 
steel  may  either  be  stationary,  like  that  formerly  used  in  Sweden,  or  it 
may  be  suspended  on  trunnions,  by  means  of  which  it  can  be  rotated, 
vertically,  through  one-half  or  the  whole  of  a  revolution. 

The  fixed  converter,  which  was  at  one  time  generally  employed  in 
Sweden,  and  which  has  been  revived  in  a  modified  form  by  Clapp  & 
Griffiths  in  South  Wales,  consists  of  a  wrought-iron  casing  lined  with 
fire-brick,  somewhat  like  a  foundry  cupola,  and  provided  on  one  side 
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with  a  spout,  by  means  of  which  it  receives  its  charge  of  molten  cast-iron. 
A  series  of  refractory  tuyers  is  placed  in  the  bottom,  and  the  whole 
is  covered  by  a  dome  having  an  inclined  hood,  through  which  the  gases 
evolved  during  the  operation  make  their  escape.  The  liquid  metal  is  run 
into  this  converter  after  taming  on  the  blast,  so  as  to  prevent  the  iron 
from  filling  the  tuyer-holes,  and  the  blowing  is  continued  until  the 
charge  is  run  off  by  a  tap-hole  provided  for  that  purpose. 

The  movable  converter  now  generally  employed,  as  shown  in  vertical 
section  in  fig.  108,  affords  great  facilities  for  discharging  the  metal,  and 
also  allows  of  the  charge  being  retained  for  a  considerable  time  after  the 
blast  has  been  shut  off.  An  external  shell  or  casing,  made  of  wrought- 
iron  plates  rivetted  together,  is  suspended  by  means  of  a  stout  wrought- 


Fig.  108.— Bessemer  Converter ;  yertieal  section. 

iron  hoop,  carrying  trunnions  supported  by  cast-iron  standards.  One  of 
these  is  solid,  and  carries  a  pinion  gearing  into  a  rack  on  the  extension 
of  the  piston-rod  of  a  small  direct-acting  water-pressure  engine;  the  other 
is  hollow,  and  forms  a  passage  for  the  blast.  The  lining  requires  to  be 
composed  of  the  most  refractory  material  which  can  be  obtained :  fire- 
bricks are  sometimes  employed  for  this  purpose,  but,  in  this  country,  the 
fine-grained  siliceous  sandstone  from  below  th^  Coal-measures,  known  as 
ganister,  is  found  to  answer  better  than  any  other  material.  It  is  first 
finely  ground,  and  may  be  used  either  with  or  without  an  admixture  of 
powdered  fire-brick;  in  either  case  it  must  be  intimately  incorporated 
with  a  small  quantity  of  water,  by  which  it  is  rendered  so  far  coherent 
as  to  retain  its  form  when  tightly  rammed  between  the  outside  casing 
of  wrought-iron  and  an  inside  wooden  core,  which  is  afterwards  with- 
drawn.    The  older  converters,  of  which  the  form  was  very  nearly  that  of 
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ft  soda-water  bottle  with  the  bottom  flattened  and  the  neck  turned  on  one 
side,  were,  for  the  convenience  of  lining,  made  in  two  parts,  which  were 
united  by  bolts  and  nuts.  The  form  given  to  the  newer  converters  is 
more  cylindrical,  and  the  bottom,  which  is  removable,  is  retained  in  its 
place  by  cottei^bolts.  Beneath  the  bottom  of  the  converter  (fig.  108, 
which  is  of  a  somewhat  old  pattern)  is  the  tuyer-box,  a,  which  is  a  cylin- 
drical chamber  communicating  with  the  hoUow  trunnion,  &,  by  means  of 
the  curved  pipe,  c.  The  tuyers,  d,  are  slightly  tapered  conical  fire-bricks, 
each  perforated  with  from  seven  to  twelve  parallel  holes.  From  five  to 
seventeen  of  these  tuyers  are  arranged  in  the  bottom  according  to  the 
size  of  the  converter,  at  equal  distances  from  each  other.  The  lower  ends 
pass  through  a  perforated  guard  plate,  forming  the  top  of  the  air-chamber, 
with  which  they  are  maintained  in  close  contact  by  stops  supported 
by  horizontal  arms,  which  can  be  turned  aside  whenever  the  intro- 
duction of  a  new  nozzle  becomes  necessary.  The  rack  for  turning  the 
converter  on  its  axis  gears  into  the  pinion,  e,  and,  in  the  older  establish- 
ments, the  cylinders  of  the  water-pressure  engines  were  placed  horizon- 
tally, but  a  vertical  position  is  now  more  generally  preferred,  since  less 
ground-space  is  occupied  by  this  form  of  construction.  The  engine  is  in 
either  case  double-acting,  and  is  worked  by  hand-gearing  situated  at  a 
considerable  distance.  An  arrangement  for  turning  on  and  cutting  off 
the  blast  by  the  rotation  of  the  converter  itself  is  shown  in  connection 
with  the  hollow  trunnion,  b;  the  valve,  which  is  constructed  on  the 
double-beat  principle,  has  its  spindle  prolonged  through  the  top  of  the 
tubular  pillar,  and  is  so  weighted  at  /  as  to  keep  it  closed,  when  its  fall 
is  not  mechanically  interfered  with.  Attached  to  the  valve-spindle  is 
the  lever,  ^,  articulated  at  hy  while  to  the  trunnion  is  keyed  the  eccentric 
disc,  t,  which,  pressing  against  the  lever,  lifts  the  valve  and  turns  on 
the  blast  as  soon  as  the  apparatus  is  in  a  proper  position  for  blowing.  On 
the  other  hand,  when  the  converter  is  lowered  for  the  purpose  of  pour- 
ing, the  pressure  of  the  eccentric  is  taken  off  the  lever,  and  the  valve 
is  closed.  This  arrangement  for  admitting  and  cutting  off  the  blast  at 
exactly  the  right  moment^  independently  of  any  care  or  attention  on  the 
part  of  the  workmen,  was  at  one  time  generally  used,  but  has  since  been 
abandoned. 

In  the  small  Bessemer  plant,  fig.  109,  two  converters,  a,  are  placed  on 
opposite  sides  of  a  circular  casting-pit,  in  the  centre  of  which  is  a  vertical 
hydraulic  cylinder,  with  a  ram  or  plunger  carrying  a  cross-arm,  6,  formed 
of  two  parallel  iron  girders  rigidly  connected  by  bolts  and  distance- 
pieces;  to  one  end  of  this  is  attached  the  ladle,  c,  its  weight  being 
balanced  by  a  counterpoise  on  the  other  end.  This  counterpoise  is  pro- 
vided with  gearing  by  which  it  can  be  gradually  removed  towards  the 
centre  in  proportion  as  the  ladle  becomes  emptied,  and  its  weight  conse- 
quently diminished.  The  ladle  is  made  of  wrought-iron  lined  with  fire- 
clay, and  is  provided  with  a  tapping-hole  in  the  bottom,  which  is  closed 
by  the  end  of  a  bent  iron  bar  also  coated  with  clay ;  the  other  end  of 
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this  bar  turns  downward  on  the  outside  of  the  ladle,  and  is  connected 


with  a  hand-lever,  by  which  the  plug  in  the  tapping-hole  may  be  raised 
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or  lowered  at  pleasure.  The  ingot-moulds  are  so  arranged  around  the 
periphery  of  the  casting-pit  that  the  tapping-hole  is  brought  successively 
over  each,  when  the  ladle  and  its  support  are  revolved  vertically  on  the 
central  pivot ;  this  motion  is  effected  by  means  of  spui>gearing,  similar  to 
that  employed  for  the  rotation  of  railway  turn-tables. 

This  gearing  is  worked  by  a  man  from  the  crane-platform,  who  has 
also  the  control  of  machinery  by  which,  after  a  cast,  the  ladle  is  turned 
over  on  its  bearings  for  the  purpose  of  removing  any  adhering  cinder  or 
waste.  The  valves  regulating  the  admission  of  the  blasts  together  with 
those  for  raising  the  ladle-crane  and  tipping  the  converters,  are  controlled 
by  mean  of  levers  from  an  elevated  platform  or  pulpit,  placed  so  as  to  com- 
mand a  distinct  view  of  the  operations^  in  which  the  workman  in  charge  of 
the  blowing  is  stationed.  Power  for  the  hydraulic  apparatus  is  obtained 
from  a  steam-engine  working  force-pumps,  in  connection  with  a  pair  of 
accumulators.  Each  converter  is  usually  capable  of  holding  from  3  to  6 
tons  of  pig-iron,^  and,  during  the  operation  of  blowing,  occupies  the 
position  of  that  shown  on  tho  right  hand,  the  flame  and  sparks  being 
carried  into  a  chimney  by  the  hood,  d.  The  hydraulic  engines,  6,  are 
employed  for  tipping  the  converters,  and  a  horizontal  rack  on  the  side 
of  one  of  the  girders  is  used  as  a  slow-motion  adjustment  for  bringing 
the  tap-hole  immediately  over  the  centre  of  the  mould.  This  is  worked 
by  a  hand-wheel  on  the  platform  carrying  the  ladle.  The  rotary  motion 
is  obtained  by  a  pinion  gearing  into  a  large  spur-wheel,  /,  on  the  central 
plunger,  and  is  worked  by  a  wheel  on  the  movable  platform.  The 
cranes,  ^,  are  worked  by  hydraulic  power,  and  are  employed  for  remov- 
ing the  ingots  from  the  casting-pit 

The  method  of  conducting  the  process  in  this  country  is  generally  as 
follows : — The  charge  is  either  re-melted  in  a  cupola,  or  is  tapped  directly 
from  the  blast-furnace.  In  small  works,  as  in  Sweden  and  Styria,  the 
converter  may  be  placed  below  and  in  front  of  the  furnaces ;  but  more 
generally  the  latter  are  at  a  distance,  and  the  metal  is  tapped  into  a  large 
ladle  mounted  on  wheels  and  drawn  by  a  locomotive.  The  furnaces  are 
usually  raised  in  such  cases  so  as  to  give  room  for  a  tunnel  under  the 
pig-beds  in  which  the  railway  for  the  ladle  runs;  and  the  converter, 
which  has  been  previously  heated  to  redness  by  being  filled  with  ignited 
coke,  is  first  reversed,  so  as  to  remove  any  unconsumed  fuel,  and  after- 
wards brought  to  a  horizontal  position  to  receive  its  charge  of  molten 
metal,  which  is  run  into  it  through  an  iron  gutter  lined  with  sand. 

The  converter  is  now  slowly  brought  back  to  a  vertical  position,  the 
blast  being  at  the  same  time  turned  on ;  the  flame  which  at  first  issues 
from  the  neck  is  of  a  yellowish-red  colour,  is  but  slightly  luminous,  and 
is  not  accompanied  by  a  large  amount  of  sparks.  The  reactions  taking 
place  at  this  period,  which  lasts  from  four  to  six  minutes,  are  similar  to 
those  produced  in  the  reverberatory  furnace  during  the  first  stage  of 
puddling.  Graphitic  carbon  passes  into  the  combined  state,  silicon  be- 
comes oxidized,  and  silicates  of  iron  and  manganese  are  formed.  This 
1  Now  increased  to  from  6  to  15  tons. 
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stage  of  the  operation  is  followed  by  a  period  of  active  ebnllition,  dtmng 
which  the  combined  carbon  is  rapidly  oxidized  by  the  blast,  carbonic 
oxide  is  evolved  in  large  quantities,  the  flame  increases  in  brilliancy,  and 
showers  of  sparks  and  fragments  of  burning  iron  are  abundantly  thrown 
oat  This  boiling  period  lasts  for  about  six  or  eight  minut^  at  the 
expiration  of  which  time  the  intensity  of  the  action  begins  to  diminish, 
fewer  sparks  aire  evolved,  and  the  flame  acquires  a  characteristic  bluish- 
violet  tint.  This  marks  the  commencement  of  the  last,  or  fining,  stage, 
and  as  soon  as  the  whole  of  the  carbon  has  been  consumed,  the  flame 
ceases,  but  is  immediately  succeeded  by  a  stream  of  white-hot  gas,  chiefly 
consisting  of  nitrogen ;  if,  after  this  stage  has  been  reached,  the  blowing 
be  further  continued,  the  temperature  will  be  kept  up  at  the  expense  of 
the  decarburized  iron,  which  becomes  rapidly  oxidized.  As  soon  as  the 
appearance  of  the  flame  indicates  that  the  almost  total  removal  of  the 
carbon  has  been  etfected,  the  converter  is  again  turned  back  to  the 
horizontal  position,  and  spiegeleisen,  sufficient  to  give  the  required  pro- 
portion of  carbon  in  the  finished  metal,  is  added ;  this  is  run  in  from  a 
furnace  through  a  sand-lined  gutter,  in  the  same  way  that  the  charge 
was  originally  introduced. 

After  the  addition  of  the  spiegeleisen  it  was  formerly  customary  to 
again  turn  on  the  blast  during  a  few  minutes,  but  this  is  now  discon- 
tinued, and  the  contents  of  the  converter  are  at  once  emptied  into  the 
ladle ;  this  is  brought  into  the  proper  position  to  receive  it  by  lowering 
the  central  plunger  and  moving  it  horizontally  by  means  of  the  spur- 
and-pinion  gearing  before  described.  When  very  mild  metal  is  made, 
the  tempering  is  done  with  ferro-manganese,  which  is  made  hot  and  then 
shovelled  into  the  ladle  during  the  pouring.  If  the  charge  in  the  con- 
verter is  very  hot  it  is  sometimes  allowed  to  stand  a  short  time  before 
pouring,  or  crop-ends  and  similar  pieces  of  scrap  steel  are  added,  which 
in  melting  down  absorb  the  superfluous  heat  The  ingot-moulds,  ^,  are 
of  cast-iron,  open  at  both  ends;  they  have  frequently  a  circular  or 
octagonal  section,  and  are  somewhat  smaller  in  diameter  at  top  than  at 
bottom.  As  soon  as  the  ladle  has  been  charged,  it  is  raised  sufficiently 
to  clear  the  top  of  the  moulds,  which  are  arranged  round  the  edge  of 
the  casting-pit,  and  is  so  turned  as  to  bring  the  tapping-hole  over  the 
centre  of  each  in  succession ;  the  plug  is  then  lifted,  and  the  mould 
beneath  filled.  All  the  other  moulds  are  in  turn  filled  in  the  same  way, 
care  being  taken,  in  each  case,  not  to  allow  the  molten  steel  to  impinge 
against  the  sides,  since  it  is  found  that  this  is  liable  to  result  in  the 
production  of  an  unsound  ingot.  As  soon  as  a  mould  has  been  fiUed, 
a  small  quantity  of  sand  is  sprinkled  on  the  surface  of  the  metal,  which 
is  then  covered  by  a  piece  of  sheet-iron,  secured  in  its  place  by  an  iron 
cross-bar  passing  through  eyes  on  either  side.  This  plan  of  stoppering 
the  ingot-moulds,  which  is  also  used  in  other  processes  of  cast-steel 
making,  is  not  always  sufficient  to  ensure  soundness  in  the  ingots,  especi- 
ally when  the  metal  is  very  mild  or  low  in  carbon,  when  it  sometimes 
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boils  violently  when  poured,  so  that  the  mould  cannot  be  filled.  Other 
methods  for  treating  the  liquid  steel  in  the  moulds  have  been  proposed, 
and  to  some  extent  adopted,  with  a  view  of  obviating  this  inconvenience. 
These  are  noticed  at  p.  365.  In  charging,  it  is  necessary  that  the  blast 
should  be  admitted  before  the  converter  is  turned  so  as  to  again  assume 
a  vertical  position,  since  otherwise  fused  metal  would  flow  back  through 
the  tuyers,  where  it  would  solidify  and  cause  obstruction.  The  Bessemer 
process,  when  conducted  in  the  manner  described  above,  which  is  sub- 
stantially the  same  as  that  originally  developed  by  the  inventor,  is  now 
known  as  the  *'  acid  process,"  in  contradistinction  to  the  so-called  basic 
dephosphorizing  method  of  Thomas  and  Gilchrist.  These  terms  refer  to 
the  character  of  the  material  used  for  lining  the  converter,  acid  signifying 
quartz  or  ganister,  and  basic  lime  and  magnesia.  The  analogy  of  the 
puddling  process  suggests  the  terms  dry  and  fluxing  or  hoilingy  which 
might  perhaps  be  more  appropriately  applied  to  the  two  modifications. 

The  nature  and  order  of  the  chemical  changes  going  on  in  the 
Bessemer  converter  have  been  investigated  by  several  observers,  and 
more  particularly  by  Snelus,  Kuppelwieser,  Akerman,  and  Miiller,  whose 
results  show  that  slight  but  tolerably  constant  ditferences  in  the  product 
may  be  traced  to  small  initial  differences  in  the  composition  and  tem- 
perature of  the  charges,  and  the  following  classification  of  these  methods 
is  now  used  by  German  writers : — 

1.  Swedish  method  without  complete  decarburization. 

2.  English  method  for  iron  high  in  silicon. 

3.  German  method  for  iron  high  in  manganese. 

The  first  method,  now  practically  obsolete,  is  in  some  way  repre- 
sented by  the  following  series  of  analyses,  taken  during  the  blowing  of 
a  charge  at  Neuberg  in  Styria ;  the  metal,  smelted  from  spathic  ore  with 
charcoal,  was  taken  liquid  from  the  blast-furnace  and  also  used  for 
re-carburizing : — 


Piq-Mbtal  and 

Products. 

Metal  taken 

Metal  taken 

Burnt  Iron 

Final  Product. 

MUd  Steel, 

No.  6. 

QroyNeuberg 

after  the 

towardathe 

taken  before 

Cast-iron. 

Period  or 

Clone  of 

the  Addition 

Bcorifieation. 

Ebullition. 

of  Cast-iron. 

Olgraphitio    . 

3-180 

0760 

2-4*66 

0-9'49 

0-087 

0^84 

Si     .        .        . 

1-960 

-443 

0-112 

0028 

0-033 

P     .       .        . 

0040 

0-040 

0  046 

0-046 

0044 

s     .       .       . 

0-018 

tr&oe 

trace 

trace 

trace 

Mn  .        .        . 

8-460 

1-645 

0-429 

0-113 

0139 

Cu    .        .        . 

0-086 

0-091 

0-096 

0-120 

0-106 

Fe    .        .        . 

90-607 

96-816 

98-870 

99-607 

99*446 

100*000 

100-000 

100-000 

100-000 

100-000 
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Slacr  taken 

Slag  token 

Blag  taken 

Slag  taken 

Slug  from  the 

after  the 

towards  the 

before  the 

at  the 

Blaat-funuice. 

Period  of 

Cloeeof 

Addition  of 

Moment  of 

EbuUition. 

Pig-iron. 

GaaUng. 

SiO, .        .        . 

40-95 

46-78 

6175 

46-75 

47-25 

A1,0, 

8-70 

4-65 

2-98 

2-80 

3-45 

FeO. 

0-60 

6-78 

5-50 

16-86 

15-43 

MnO 

218 

8700 

87-90 

32-23 

81-89 

OaO. 

SO-36 

2-98 

1-76 

1-19 

1-23 

MgO 

16-32 

1-63 

0-45 

0-52 

0-61 

K,0. 

0-18 

trace 

trace 

trace 

NaaO 

0-14 

tnoe 

txaoe 

trace 

trace 

S 

0-84 

0-04 

trace 

trace 

trace 

P      . 

0^1 

0-03 

0-02 

0-01 

001 

99-77 

99-79 

100-36 

100-36 

99-87 

When  the  metal  is  rich  in  silicon  and  poor  in  manganese  its  melting- 
point  is  high,  and  it  is  not  very  much  superheated  before  blowing.  These 
conditions  are  realized  in  the  second  or  English  method,  and  the  first 
effect  of  the  blast  is  the  oxidation  of  silicon,  as  is  seen  in  the  following 
analyses  of  a  blow  made  at  Sheffield  about  1870  : — 


Original 
Pig  Iron. 

After  Blowing 

Bod  of  Blow. 

S^ 

llinutea. 

Twelve 
Minutea. 

Eighteen 
Minutea. 

Twenty 
llinutefl. 

0      .        .        .        . 
Si     ...        . 
Mn  .        .        . 
S      .        .        .        . 
P      .        .        .        . 

3-570 
2-260 
0-040 
0107 
0-073 

3-940 
0-950 
trace 
0-098 
0  070 

1-640 
0-470 
trace 
0-098 
0-070 

0-190 
trace 
trace 
0-098 
0-070 

0-370 
trace 
0-540 
0-090 
0056 

In  this  case  no  carbon  was  removed  until  the  bath  had  become  well 
heated  by  the  oxidation  of  silicon. 

When  the  metal  is  poor  in  silicon,  but  contains  a  notable  proportion  of 
manganese,  and  is  run  into  the  converter  in  a  strongly  superheated  state, 
the  conditions  of  the  so-called  Grerman  Bessemer  process  are  realised ;  the 
oxidation  of  carbon  and  silicon  by  the  blast  go  on  simultaneously,  but  the 
latter  is  not  completely  removed.  The  following  is  an  example  given  by 
Mtiller  for  the  Osnabriick  Steel- Works,  blowing  a  mixture  of  70  per 
cent  of  local  and  30  per  cent,  of  Cumberland  pig-iron. 
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Charge. 

After  Blowing 

Addedind 
Blown  for 

Forty 
Seoonds. 

Five 
Minutes. 

Ten 
Minutes. 

Eighteen 
Minute*. 

0     .       .        .        . 
Si     ...        . 

Bin  ...        . 

8-460 
1-D80 
2-990 

2-710 
1-070 
1-920 

1-680 
0-790 
1-860 

0092 
0-532 
0-688 

0-104 
0-846 
0-641 

This  method  of  working  is  more  particularly  adapted  for  the  treatment 
of  pig-iron  with  a  notable  quantity  of  phosphorus  (0*10  to  0*15  percent.), 
the  effect  of  which  is  masked  by  the  addition  of  silicon  and  manganese. 
Such  steel,  although  under  ordinary  conditions  fairly  well  fitted  for  rails, 
is,  however,  very  brittle  at  low  temperatures. 

The  first  of  the  foregoing  tables  shows  that  copper  and  phosphorus 
are  not  oxidized  in  the  Bessemer  process,  but  that  sulphur,  when  present 
in  very  small  proportion  only,  finally  disappears ;  silicon  and  manganese, 
more  especially  the  former,  are  rapidly  oxidized,  while  iron  does  not 
unite  with  oxygen,  to  any  considerable  extent,  until  silicon,  manganese, 
and  carbon  ha^e  been  almost  entirely  eliminated. 

In  Sweden  nine  grades  of  Bessemer  steel  are  distinguished,  according 
to  their  relative  degrees  of  hardness,  estimated  by  their  tempering  power. 
They  are  respectively  designated  by  the  numbers,  1,  1^,  2,  2^,  d^c,  pass- 
ing from  the  hardest  to  the  softest  At  the  works  of  Siljanfors  these 
various  numbers  were  found  to  correspond  very  nearly  with  the  following 
proportions  of  carbon : — 

Ko.  1 2*00  per  oent.  of  carbon. 


2 

2i 

8 

8* 

4 

4i 
6 


1-76 

1*60 

1-26 

1-00 

076 

0-50 

0-25 

005 

No.  1  links  white  pig-metal  with  the  hardest  steel ;  it  may  be  forged 
with  difi&culty  but  does  not  weld.  No.  5,  on  the  contrary,  is  homogeneous 
metal,  welding  perfectly  but  having  no  tempering  power. 

In  Austria,  where,  as  in  Sweden,  very  pure  pig-irons  are  treated 
by  the  Bessemer  process,  superior  products  are  obtained.  Tunner,  the 
well-known  metallurgist,  has  adopted  a  system  of  classification  which 
differs  but  slightly  from  that  employed  in  Sweden ;  he  has,  however, 
omitted  the  first  two  Swedish  numbers,  which  rather  belong  to  white 
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pig-iroD,  and  has  replaced  the  half  numbers  by  entire  ones,  from  one 
to  seven. 

At  the  Imperial  works  at  Neuberg,  the  proportions  of  carbon  corre- 
sponding to  the  several  numbers  of  hardness,  are  as  follow : — 


Numbenor 
BardiMM. 

Obflenrations. 

No.  1 
„    2 
„    8 

,.    * 
,.   6 

„   6 

..   7 

1*58  to  1*88  percent 
1-38  „  M2       „ 
M2  „  0-88       „ 
0-88  „  0-62       „ 
0-62  „  0-88       „ 

0-88  „  0-15       „ 

0-16  „  0-06      „ 

Cannot  be  welded,  and  is  rarely  nsed. 

WeldB  easUy ;  naed  for  bits,  chisels,  Ac 

Used  for  cutting-tools,  files,  Ac 

MUd  steel,  for  tires,  &c 

Tempers  slightly ;  steel  for  boiler-plates  and 

axles. 
Does  not  temper ;  steel  for  pieces  of  machinery. 

It  will  be  seen  from  these  results  that  0*25  per  cent  of  carbon,  more 
or  less,  is  sufficient  to  cause  steel  to  pass  from  one  grade  to  another. 
This  is  confirmatory  of  the  theory  which  supposes,  all  other  conditions 
being  the  same,  that  the  hardness  of  steel  will  practically  be  proportionate 
to  the  amount  of  carbon  it  contains. 

It  has  been  pointed  out  by  Jordan  that  a  very  large  proportion  of  the 
heat  developed  by  this  process  for  manufacturing  steel  is  due  to  the 
combustion  of  silicon,  which,  when  converted  into  silica,  combines  with 
ferrous  oxide  and  other  bases,  and  covers  the  surface  of  the  bath  with 
a  liquid  slag;  in  the  case  of  carbon,  however,  a  considerable  portion 
of  the  heat  developed  is  abstracted  by  the  carbonic  oxide  produced, 
which,  escaping  in  the  form  of  gas,  is  uselessly  consumed  at  the  mouth 
of  the  converter.  He  also  states  that  in  certain  localities  in  the  south  of 
France  the  process  can  only  be  efficiently  carried  out  by  charging  the 
converter  directly  from  the  blast-furnace,  as  the  operation  of  re-melting, 
which  usually  results  in  the  loss  of  1  per  cent,  of  silicon,  so  far  reduces 
the  proportion  of  that  element  as  to  render  the  resulting  metal  unsuitable 
for  this  method  of  treatment. 

Manganese  may,  to  a  certain  extent,  replace  silicon  as  a  producer  of 
heat)  as  in  cases  where  the  pig-iron  operated  on  has  been  smelted  from 
spathic  ores.  Silicon,  although  an  essential  component  of  good  Bessemer 
pig,  should  not  be  present  in  excess,  and,  aa  a  general  rule,  it  should  not 
exceed  the  amount  of  carbon  in  the  iron.  The  presence  of  a  very  large 
quantity  of  silicon  in  pig-iron  intended  for  treatment  by  the  Bessemer 
process  may  be  prejudicial  to  the  result  in  two  different  ways ;  firsts  by 
giving  rise  to  the  formation  of  an  increased  amount  of  slag,  resulting  in 
a  large  loss  of  iron ;  secondly,  by  the  difficulty  experienced  in  accom- 
plishing its  complete  removal  by  the  time  the  elimination  of  the  carbon 
has  been  effected. 

The  working  of  the  Bessemer  process  is  mainly  controlled  by  the 
appearance  of  the  flame,  the  sudden  drop  at  the  close  of  the  decar- 
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burizing  period,  when  blowing  the  hematite  pig  used  in  this  country, 
being  very  marked ;  when  much  manganese  is  present  the  indications  are 
more  obscure,  on  account  of  the  large  amount  of  brown  smoke  which  is 
emitted.  The  spectroscope  has  also  been  applied  to  the  same  purpose, 
the  period  of  most  active  ebullition  being  marked  by  the  appearance  of 
bright  lines  and  absorption  bands,  in  the  green  part  of  the  spectrum, 
characteristic  of  manganese  and  carbon  respectively;  these  disappear 
when  the  flame  drops. 

Another  method  of  controlling  the  operation  is  by  the  character  of 
the  8lag&  If  an  iron  rod  is  plunged  into  the  converter  and  removed  at 
ODce,  a  portion  of  slag  is  brought  out  adhering  to  the  point,  which  is  of  a 
peculiar  brown  tint  as  long  as  any  carbon  remains,  but  becomes  dead 
black  from  magnetic  oxide  of  iron  as  soon  as  it  is  entirely  removed. 

At  Seraing  the  following  relations  have  been  observed  between  the 
colour  of  the  slag  and  the  amount  of  carbon  in  the  metal : — 


Lemon-yellow 
Orange     . 
Light-brown 
Dark-brown 
Bluish-black 


075  per  oent.  and  upwards. 
0-60      „ 
0-45       „ 
0-30      „ 
015       ., 


From  a  very  excellent  report  to  the  Iron  Office  of  Sweden,  on  the 
German,  Austrian,  and  English  manufacture  of  Bessemer  steel,  based  on 
data  collected  in  1870,  during  a  journey  made  in  those  countries  by  E. 
Brusewitz,  published  in  the  '  Jem-Kontorets  Annaler'  for  1871,  p.  199, 
the  following  analyses  are  extracted : — 


Analtsbs  of  BsssKinEB  Stsel. 


a 

8L 

Mn. 

P. 

8. 

Steel  made  direct  from  the   blast-furnace 

without  addition  of  spiegeleisen : 

At^Westanfora,  Sweden 

0*085 

0-008 

trace 

0025 

trace 

Ditto 

0-800 

0044 

0179 

0-088 

trace 

Ditto 

0-700 

0-082 

0-266 

trace 

Ditto 

0-960 

0-047 

0-468 

0082 

trace 

Ditto 

1060 

0067 

0-856 

trace 

„   Banow-in-Fumess  (for  ooane  wire) 

0-200 

0-179 

0*214 

0*026 

0  080 

„   Germany  (for  rail-heads)  . 

0  188 

0-806 

0-886 

0-184 

0*040 

„          „         (for  rails)  from  iron  poor 
in  Manganese 

0  160 

0-091 

0*264 

0*182 

0-026 

„  Germany  (for  rails)  from  mixture  j 

of  Workington  hsBmatite  pig  with  > 
German  manganiferous  pig  .         ) 

0*046 

0-684 

0*688 

0098 

0-046 

„  from     Nenberg    (for    boiler-plate) ) 
direct  from  blast-furnace      .         ( 

0-250 

0-016 

0186 

... 

0010 

„  from  Neuberg  (iron  first  ro-melted  ) 
in  cupola)      .        .        .        •         ( 

0  300 

0-066 

0*278 

0-041 

0-040 

Dephosphorizing  in  the  Bessemer  Converter. — In  the  Bessemer  process 
as  originally  conducted,  it  is  necessary  to  employ  pig-iron  containing 
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only  a  minute  amount  of  phospliorua,  as  the  proportion  of  that  element 
removed  during  the  conversion  is  very  small  Such  high-class  metal  is 
not  only  dearer  but  also  less  abundant  than  that  smelted  from  oolitic 
and  other  cheap  ores,  and  consequently  the  development  of  the  process, 
although  very  considerable,  was  still  restricted  in  one  important  direction. 
This  original  difficulty  has  now,  however,  been  completely  overcome  by 
the  adoption  of  the  so-called  basic  method  of  Mes8r&  Thomas  and  Gil- 
christ^ which  was  introduced  in  1878.  The  prindple  upon  which  the 
process  rests  was  discovered  in  1872  by  Snelus,  who  found  that  the 
retention  of  phosphorus  in  the  blown  metal  was  materially  influenced  by 
the  character  of  the  slag,  which  was  essentially  a  silicate  of  iron  and 
manganese  of  the  form  BSiO,,  and  that  when  it  could  be  reduced  to 
a  lower  silicate  by  the  addition  of  other  bases,  phosphorus  could  be 
removed  by  oxidation.  Small  trials  made  upon  Cleveland  iron  at 
once  proved  successful,  but  the  fact  was  not  published,  nor  was  the 
process  adopted  on  the  large  scale,  u^til  more  complete  and  elaborate 
experiments  had  been  made  independently  by  Thomas  and  Gilchrist 

The  essential  peculiarities  of  this  process  are  the  use  of  a  converter 
lined  with  lime,  magnesia,  or  with  the  combination  of  both  as  existing  in 
calcined  dolomite,  and  the  addition  of  linde  for  the  purpose  of  dephos- 
phorizing after  the  carbon  of  the  metal  has  been  oxidized  This  process 
is  applicable  to  any  variety  of  pig- metal  that  is  sufficiently  free  from 
sulphur  and  does  not  contain  more  than  about  1*0  per  cent  of  silicon, 
while  phosphorus  may  be  present  in  any  reasonable  quantity,  and  should 
not  be  less  than  2  to  2|  per  cent  Manganese  in  notable  proportion  is 
advantageous,  as  it  prevents  the  absorption  of  sulphur  in  the  blast-fur- 
nace, and  by  its  oxidation  provides  a  portion  of  the  heat  required  to 
Iceep  the  metal  fluid.  The  heat  derived  from  the  oxidation  of  phosphorus^ 
is,  weight  for  weight,  about  25  per  cent  less  than  that  resulting  from 
silicon.  The  condition  of  the  carbon  in  the  metal  is  not  material,  and 
white-  is  equally  well  suited  with  grey-pig  if  only  the  requisite  freedom 
from  sulphur  be  attained,  as  there  is  practically  no  desulphurization 
effected  during  the  blow,  in  which  respect  the  Thomas  and  Gilchrist 
resembles  the  original  Bessemer  process. 

In  some  few  instances  the  converter  linings  are  made  of  bricks  of 
caustic  lime  obtained  from  pure  limestones,  but  more  generally  dolomite 
that  has  been  exposed  to  a  white  heat  for  several  hours  is  used.  This 
is  done  either  in  cupolas  or  in  regenerative  chamber-kilns,  the  former 
being  the  simplest,  although  requiring  rather  more  fuel  than  the  latter. 
The  cupola  is  built  in  sections,  the  central  part  being  removable  for  con- 
venience in  re-lining.  The  lining  is  made  of  the  same  material  (burnt 
dolomite)  or  of  blocks  of  chromic  iron  ore.  The  latter,  though  an  exceed- 
ingly refractory  substance,  is  not  very  coherent,  and  great  care  is  there- 
fore required  in  cleaning  out  obstructions  that  may  form  during  the  work- 
ing. The  dolomite  is  charged  in  lumps  of  about  the  size  of  the  flst ;  two 
^  P  burnt  to  PjOs  ^  5,760,  Si  to  SiO]  =  7,830,  nnitt  per  unit  of  weight. 
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barrows  of  coke  are  required  for  seTen  of  dolomite.  The  burning  lasts 
nine  hours,  and  the  stone  comes  out  at  a  white  heat.  The  fully  burnt 
pieces  when  cooled  are  found  to  have  contracted  about  one-half  in  dimen- 
sions, with  a  similar  loss  in  weight.  This  so-called  shrunk  dolomite 
IB  yery  hard,  and  may  be  preserved  in  the  air  without  change  for  some 
time,  but  it  ultimately  slakes  and  falls  to  pieces.  From  12  to  15  cwts. 
of  coke  are  required  per  ton  of  shrunk  dolomite  produced,  and  the  cupola- 
linings  last  out  from  40  to  60  chaiges. 

The  shrunk  dolomite,  when  carefully  freed  from  all  imperfectly  burnt 
or  partially  fused  portions,  is  crushed  under  edge-rolls,  in  at)arr's  disin- 
tegrator or  in  Yapart's  mill,  to  the  size  of  a  pea,  and  mixed  with  from  3 
to  12  per  cent  of  gas-tar  that  has  been  previously  freed  from  water  and 
ammonia  by  boiling.  According  to  the  amount  of  tar  used  the  mixture 
is,  whea  hot,  either  plastic  or  liquid.  In  the  latter  condition  it  is  used 
for  lining  the  converters  by  the  method  of  ramming,  while  the  stiffer 
mixture  i$  used  for  making  into  bricks.  These  are  moulded  by  stamp- 
ing the  mixture  into  iron  moulds  with  hot  iron  rammers,  and  when 
filled  the  moulds  are  covered  with  cast-iron  plates  and  heated  for  twelve 
hours  in  an  oven,  until  the  tar  is  burnt  off.  The  bricks  are  moulded  in 
segments  to  suit  the  converter,  and  each  weighs  about  55  lbs.  when  finished. 
They  should  be  used  as  soon  as  possible,  as  under  ordinary  circumstances 
they  disintegrate  in  from  three  to  six  days  when  exposed  to  the  air. 

One  of  the  most  modem  forms  of  the  Bessemer  converter  is  seen  in 
figs.  110,  111,  in  which  it  is  shown  in  vertical  section  through  the  trun- 
nions and  in  side  elevation. 

The  converter  is  for  an  equal  weight  of  charge  larger  than  that  of  the 
original  Bessemer  process,  as  provision  must  be  made  for  the  very  large 
volume  of  slag  produced.^  The  woodcuts  of  p.  152  represent  a  new  form 
of  converter  used  at  the  Cleveland  Steel- Works,  which  has  a  straight  neck, 
and  can  be  poured  from  either  side.  The  outer  shell  or  casing,  made  of 
wrought-iron  plates  1  inch  thick,  is  put  together  in  three  parts,  namely, 
a  central  cylindrical  body  with  a  conical  neck  and  bottom,  so  connecied 
by  eye-bolts  and  cotters  that  they  may  be  detached  from  each  other  for 
repairs.  The  belt  and  trunnions  are  in  two  pieces,  formed  of  cast-iron 
sections.  The  trunnions  are  21  inches  in  diameter  ahd  15  inches  long; 
the  belt  is  bored  out  to  receive  the  body  of  the  converter,  which  is 
secuted  by  wedges,  and  can  be  removed  by  a  crane  over  head.  The 
total  weight  of  the  converter  is  about  40  tons,  and  of  the  belt  11  tons. 
The  tipping-gear  consists  of  a  pair  of  double-acting  hydraulic  engines 
attached  to  one  of  the  standards,  working  a  steel  screw  of  4^  feet  pitch 
and  a  worm-wheel  8  feet  in  diameter.  This  allows  the  converter  to  be 
turned  to  either  side  or  completely  round.  When  intended  fpr  15-ton 
chaigesy  the  converters  are  24|^  feet  high,  and  are  mounted  on  piers  or 
standards  about  20  feet  above  the  ground-level 

'  This  rsquiras  aa  inereased  capacity  of  one-half,  or  a  GJ-ton  new  coDTerter  matt 
be  aa  lazge  aa  one  of  10  tons  for  the  original  prooeaa. 
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The  linings  are  either  built  up  of  dolomite  bricks,  moulded  to  the 
proper  section,  set  in  tar-asphalt,  or  with  the  plastic  mixture  of  crashed 
shrunk  dolomite  and  tar,  which  is  rammed  round  a  tapered  iron  core 
heated  by  a  coke  fire.  The  thickness  of  the  lining  is  from  10  to  14  inches, 
the  thickest  portion  being  below ;  and  when  it  is  worn  down  to  3  or  4 
inches,  it  is  re-lined  in  place.  The  bottoms  are  made  by  ramming  a 
mixture  containing  somewhat  less  tar  than  that  used  for  the  body-lining 
around  a  series  of  core-pins  half-an-inch  in  diameter,  which  form  the  air- 
passages.  The  number  of  these  varies  from  35  to  80,  according  to  their 
diameter,  which  may  be  from  ^^^  to  |  of  an  inch.  The  thickness  of  the 
bottom  is  from  16  to  20  inches.  When  finished,  it  is  burnt  in  an  oven 
heated  by  two  or  more  fire-places,  in  the  same  way  as  the  bricks.     In 


Fig.  110.— Vertical  Motion.  Fig.  lll.-Side  eloTatton. 

Walker's  10-Ton  ConTerter. 

some  cases,  instead  of  using  pin-tuyers  larger  cores  are  inserted,  so  that 
the  ordinary  siliceous  tuyer-brick  with  numerous  small  air  passages  may 
be  used.  The  body-linings  originally  lasted  only  from  40  to  50  blows, 
but  now  the  number  of  blows  has  been  increased  to  between  100  and 
130.  The  bottoms  last  from  18  to  20  blows.  When  siliceous  tuyer- 
bricks  are  used,  if  a  proportion  of  them  are  renewed  after  every  blow, 
they  will  last  from  30  to  40  blows.  When  the  converter  is  ready  for 
charging,  it  is  made  hot  by  a  coke  fire,  and  a  quantity  of  quicklime, 
from  one-seventh  to  one-fifth  of  the  weight  of  the  charge  of  metal,  is 
introduced.  This  is  brought  directly  from  the  kiln,  so  as  to  be  as  hot 
as  possible.  The  metal  is  then  charged  in  the  usual  way,  either  from  a 
cupola  or  directly  from  the  blast-furnace.     The  blowing  is  conducted  as 
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previously  described.  In  about  ten  minutes  the  carbon  is  entirely  burnt 
off,  and  the  afteiMow  or  dephosphorizing  period  commences.  This  is 
marked  by  a  great  increase  in  the  temperature  of  the  bath,  and  the 
thickening  of  the  converter  smoke  from  the  burning  of  iron.  The  flame 
also  shows  peculiar  bright  patches,  which  are  not  observed  in  the  old 
process.  The  length  of  the  after-blow  is  regulated  by  breaking  small  test 
ingots,  which  should  show  a  close  silky  fracture,  entirely  free  from  bright 
crystalline  particles.  When  the  desired  result  has  been  obtained,  the 
converter  is  tipped  to  run  off  the  slag,  after  which  the  metal  is  brought 
to  the  final  temper  by  the  addition  of  the  proper  quantity  of  Spiegel 
and  forro-n^nganese,  the  former  in  the  converter,  and  the  latter  in  the 
ladle  after  pouring.  The  removal  of  the  slag  is  of  importance,  as  a 
portion  of  the  phosphorus  may  be  re-absorbed  if  left  in  contact  with  the 
metal  for  any  length  of  time. 

The  re-carburizing  may  also  be  effected  by  adding  a  proportion  of 
melted  hsematite  pig  to  the  over-blown  metal  in  the  ladle,  which  causes  a 
strong  ebullition  with  the  production  of  slag  which  overflows  the  ladle. 
When  this  has  subsided,  spiogel  or  ferro-mangahese  is  added  as  required 
before  casting.  The  final  pouring  or  teeming  of  the  metal  into  the 
moulds  is  conducted  in  the  usual  way. 

The  chemical  changes  going  on  during  the  basic  process  have  been  very 
elaborately  investigated  both  in  this  country  and  in  Germany,  and  the 
results  of  these  investigations,  which  are  substantially  similar,  will  be 
found  in  the  later  volumes  (1880-83)  of  the  Journal  of  the  Iron  and 
Steel  Ingtitute,  The  following  table  gives  the  results  of  the  process  as 
conducted  at  the  Eston  Steel-Works  in  Cleveland : — 

Mbtal  before  and  after  Blowing. 


|- 

Sixteen 

Original 
Plg.iron. 

Six 
Minutes. 

Sixteen 
andahalf 
Minutee. 

Minutes 
thirty- 
five 

Finished 
BteeL 

8eooD<ls.s 

c      .       ,       .       . 

8-67 

3*40 

0-88 

007 

trace 

trace 

0124 

Si      ...        . 

170 

0-28 

OOl 

trace 

... 

0-030 

P      •       •        .       . 

1-67 

1-63 

1-42 

1-22 

0-14 

0*06 

0-022 

Mn    .        .        .        . 

0-71 

0-66 

0-27 

012 

010 

trace 

0-270 

8       .        .        .        . 

0-06 

006 

0-05 

0D6 

0-06 

0-05 

0-040 

Cone^Mmding  ilags— 

SiO,       .        .       . 

42^ 

36^ 

83-00 

16-60 

18^ 

Pe  .*       !   .    1        ! 

0-16 

2-61 

5-66 

1603 

13-87 

... 

2-00 

4-80 

615 

... 

11-35 

710 

The  following  analysis  represents  the   average  composition  of  the 
basic  cinder  produced  at  the  North-Eastem  Steel-Works  in  Cleveland : — 


GsO.       MgO.      AI,0,.      Fe,0,.       FeO. 

41-54      613      2*60        8*64        14*66 

Metallic  iron,  17-46. 


MnO.     V,0,       SiO,.       P,0,.      BO,.      Total 
8-81     0-29      7'40      14*32      031     99*70 
Metallic  manguieae,  2*96. 


1  End  of  blow. 


'  End  of  after-blow. 
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The  phosphorus  in  the  slag  appean  to  be  mainly  in  combination  witli 
lime  as  tribasic  phospliate.  Sometimes  tabular  or  columnar  ciTstaU 
separate  in  the  slag,  whioh  are  brown  and  slightlj  transluoent  hj  trans- 
mitted light,  but  tarnish  to  a  black  or  blue  tint;  whose  composition, 
according  to  Hilgenstock,  is — 


CaO. 

P.O.. 

MgO. 

MnO. 

no,. 

6116 

84-46 

1-90 

1-51 

0-91 

which  corresponds  approximately  to  a  phosphate  represented  by  the  for- 
mula Ca4P,09  containing  CaO  61*20  and  PA  ^^'^^  P^^  ^^^ 

The  loss  upon  the  weight  of  pig-iron  charged  varies  from  18  to  19 
per  cent,  the  average  being  15  per  cent,  or  about  3  per  cent,  more  than 
with  hamatite  pig.  About  1  cwt  of  basic  lining-material  is  requited 
for  2  cwts.  of  steel  made,  in  the  preparation  of  which  1}  cwt.  of  coal  or 
^  cwt  of  coke  is  consumed.  The  Hme  used  for  fluxing  is  about  3  cwU 
per  ton  of  steel ;  and  this,  together  with  the  wear  of  the  lining,  produces 
from  8  to  10  cwta  of  cinder ;  a  very  much  larger  quantity  than  in  the 
original  process.  Two  principal  applications  have  been  suggested  for 
this  slag,  namely,  as  a  source  of  phosphorus  ui  the  blast-furnace,  and 
as  a  fertilizer  for  agricultural  purposes,  the  large  amount  of  lime  presenl 
being  advantageous  in  both  cases.  When  used  in  the  blast-furnace,  pig- 
iron  may  be  readily  produced  containing  7  per  cent  of  phosphorus  and 
upwards,  although  there  is  a  considerable  loss  of  unreduced  phosphoric 
acid.  For  example,  with  7*20  per  cent  of  phosphorus  in  the  metal,  2*39 
p^issed  into  the  slag; 

Phosphoric  pig-iron  may  also  be  easily  produced  by  smeltiug  the 
tap-cinder  of  puddling-furnaces  with  Spanish  manganiferous  ores,  in 
which  way  almost  any  desired  proportion  of  manganese  and  phosphorus 
may  bo  obtained  in  the  metal 

The  best  way  of  using  basic-cinder  as  a  fertilizer  is  to  grind  it  to  ss 
fine  a  powder  as  possible,  and  apply  it  to  the  land  without  further  pre- 
paration. Various  methods  of  preparing  soluble  phosphates  from  it  have 
been  tried  by  treatment  with  hydrochloric  or  sulphuric  acid,  but,  hitherto, 
without  success.  When  used  in  the  raw  state,  it  seems  to  be  of  greater 
fertilizing  value  than  ground  natural  phosphates^  and  but  little  inferior  to 
common  superphosphates. 

Of  late  years  greatly  increased  rapidity  of  working  has  been  attained 
in  the  Bessemer  process  by  the  use  of  methods  th8.t  enable  the  worn 
parts  of  the  converter  to  be  replaced  without  cooling  down.  •  The  most 
important  of  these  is  the  loose  bottom  introduced  by  the  late  Mk  A.  I* 
HoUey  in  the  United  States,  and  now  universally  adopted.  The  bottom, 
which  lasts,  in  the  acid  process,  from  12  to  30  blows,  according  to  the 
number  of  tuyer-bricks  renewed  during  its  lifQ,  and  from  8  to  21  in  the 
basic  process,  is  moulded  to  a  conical  form,  so  as  exactly  to  fit  the  corre- 
sponding enlargement  in  the  body  of  the  converter.  When  dried,  it  is 
brought  from  the  stove  upon  a  railway-truck,  and  lifted  into  place  by  a. 
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hydraulic  lift^  which  may  be  either  permanently  fixed  below  the  con* 
veitef,  or  be  portable  and  attached  to  the  truck.  In  the  latter  case,  the 
lift-pumps  may  be  worked  by  hand,  or  power  may  be  supplied  from  the 
main  under  pressure  of  the  accumulator  by  a  flexible  tube.  The  con^ 
nection  between  the  bottom  and  the  body  is  made  by  eye-bolts  and 
cotters  as  shown  in  fig.  111.  From  28  to  36  tons  in  twenty-four  hours 
are  now  obtained  in  England  from  a  pair  of  converters  with  ganister 
bottoms  as  compared  with  the  10  or  12  tons  of  early  times;  and  in 
America  from  45  to  75  tons  are  commonly  realized. 

The  arrangements  of  the  casting-pit  have  of  late  years  undergone 
considerable  modification  in  consequence  of  the  larger  chaiges  worked 
and  heavier  ingots  made.  Instead  of  placing  the  converters  at  opposite 
ends  of  the  diameter  of  a  semicircular  pit,  they  may  be  placed  side  by 
side,  so  that  nearly  the  whole  circumference  of  the  sweep  of  the  ladle- 
crane  is  available  for  moulds.  Another  method  is  to  transfer  the  ladle 
when  filled  from  the  end  of  the  crane  at  the  front  of  the  converter  to 
another  which  commands  the  entire  circumference  of  a  second  pit,  which 
may  be  entirely  filled  with  moulds. 

When  more  than  two  converters  are  used  in  the  same  plant,  they 
are  usually  placed  with  their  trunnion-axes  in  line,  and  the  ladle  runs 
on  a  railway  in  front  to  receive  the  blown  metal,  which  is  then  transferred 
to  a  essting-crane.  This  arrangement  has  been  very  extensively  deve- 
loped in  the  large  open-hearth  steel-works  where  a  large  number  of 
furnaces  are  used.  When  the  converters  are  placed  high,  as  in  figs.  110^ 
111,  the  ingot-pit  is  either  very  shallow,  or  the  moulds  may  stand  on 
the  natural  surface  of  the  ground.  This  is  an  important  advantage^ 
as  much  better  ventilation  is  secured  than  was  possible  in  the  old  sunk 
pits.  Tl|e  newer  forms,  both  of  ladle  and  of  ingot-crane,  are  made  with 
two  small  hydraulic  presses,  in  addition  to  the  large  central  one.  The 
latter  is  kept  in  continuous  communication  with  the  hydraulic  ram  under 
the  accumulator,  while  the  small  ones  are  brought  into  use  singly  or 
together  according  to  the  weight  to  be  lifted.  In  this  way  considerable 
economy  in  pumping-power  is  realized. 

The  UchoHus  Process, — ^This  process,  which  was  patented  in  1855, 
consists  in  effecting  the  partial  decarburization  of  pig-iron  .by  fusion  in 
contact  with  ferric  oxide  or  some  other  substance  capable  of  yielding 
oxjgeo.  The  pig-iron  is  first  granulated  by  running  the  fused  nietal 
into  water,  and  the  granulated  cast-iron  thus  obtained  subsequently 
mixed  with  about  20  per  cent  of  roasted  spathic  ore  and  4  per  cent  of 
fiie-day ;  this  mixture  is  melted  in  day  crucibles  in  an  ordinary  cast- 
steel  furnace.  The  softer  kinds  of  welding  cast-steel  may  be  obtained  by 
the  addition  of  wrought-iron  in  small  pieces  to  the  above  mixture,  and 
the  harder  kinds  by  the  addition  of  charcoal ;  tbe  weight  of  the  cast- 
steel  obtained,  when  no  addition  of  wrought-iron  is  made,  is  said  to 
exceed  that  of  the  pig-iron  by  about  6  per  cent. 

The  process  has  been  tried  in  this  country,  and  the  principal  objeo- 
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tion  to  it  seems  to  have  been  want  of  uniformity  in  the  quality  of  the 
product  obtained ;  it  however  appears  to  have  been  employed  in  Sweden, 
and  saipples  of  steel  so  produced  were  shown  in  the  Swedish  department 
of  the  International  Exhibition  of  1862. 

Stebl  bt  Fusion  of  a  Mixtubb  of  Cast-Ibon  and  Wbouoht-Ibok. 
— ^The  manufacture  of  steel  by  **  reaction,"  in  which  wrought-iron  is  kept 
for  a  longer  or  shorter  period  immersed  in  a  bath  of  molten  cast-iron,  has 
been  long  understood,  and  the  result  obtained  appears  to  be  partly  due 
to  the  cementation  of  malleable  iron  at  the  expense  of  the  carbon  of 
the  cast-iron,  and  partly  to  admixture  of  the  two.  R^umur,  in  his 
treatise  entitled  'L'Art  de  Convertir  le  Fer  Forg^  en  Ader'  (1722), 
says,  **  Iron  is  transformed  into  steel  by  immersing  it  for  a  short  time 
in  melted  cast-iron^"  and  adds,  ^^This  process  for  manufacturing  steel 
is  employed  in  some  countries,  and  has  been  described  by  Yannuccio 
Biringuccio  (*  De  la  Pirotechnia,'  lib.  L  cap.  7,  1540)."  Reaumur  says 
in  addition,  that  steel  may  be  likewise  obtained  by  fusing  wrought-iron 
with  cast,  and  that  he  had  obtained  steel  in  a  common  forge  by  thus 
mixing  with  cast-iron  sometimes  oncrfourth  and  at  others  one-third  of 
wrought-iron.  He  also  states  that  cast-iron  may  be  softened  by  croetts 
Mortis,  red  oxide  of  iron.  In  1798  Clouet  states  that  iron  or  cast-steel 
may  be  obtained  by  melting  pig-metal  with  oxide  of  iron. 

Hassenfratz  describes  two  furnaces  which  were  used  in  England  as  early 
as  1812  for  the  manufacture  of  cast-steel  by  reaction:^  ''The  mixture 
intended  to  produce  steel  is  melted  in  ordinary  reverberatory  furnaces, 
in  the  lower  part  of  which  a  kind  of  crucible  is  contrived.  The  metal, 
placed  near  the  bridge,  is  heated,  melts,  and  flows  into  the  hearth, 
where  it  accumulates.  The  caet-iron  becomes  covered  by  slag^  not  only 
those  contained  in  the  iron,  but  also  those  formed  by  the  partial  fusion 
of  the  earthy  glass  that  flows  from  the  hearth.  If  the  slag  be  in  sufficient 
quantity,  the  bath  is  left  at  rest  so  long  as  the  surface  appears  to  bubble 
and  carbonic  oxide  is  disengaged  and  bums  in  the  form  of  a  strong  flame. 
When  ebullition  ceases,  a. piece  of  green  wood  is  introduced  into  the 
bath,  and  the  liquid  metal  is  stirred  below  the  slag,  in  order  to  facilitate 
the  separation  of  those  scoris  which  remain  in  the  cast-iron  and  adhere 
to  the  metaL 

''  At  the  moment  the  fining  of  the  pig-iron  commences,  the  principal 
workman  introduces  a  small  ladle  into  the  bath  and  removes  a  little  of  the 
east-iron  from  below  the  slags.  He  casts  this  into  a  test-ingot  and  tries 
it  at  the  forge.  He  continues  to  take  assays  until  what  is  taken  out  can 
be  forged.  Then  he  examines  the  grain  of  his  steel ;  if  it  be  too  soft,  he 
throws  bars  of  over^emented  steel  into  the  bath,  to  supply  carbon  without 
changing  the  mode  of  fining ;  if  it  be  too  hard,  he  throws  into  it  clippings 
of  wrought-iron,  and  sometimes  even  old  iron,  to  dilute  the  carbon  by 
increased  volume,  or  to  bum  it  partially ;  then  he  removes  the  scoris 

HasMBfratz :' SiderotecWe/ vol  iT.  pp.  98-96.    1812. 
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and  pours  into  the  mould  the  cast-steel,  which  is  immediately  foiged  into 
a  commercial  product." 

Olntehotffs  Sted  Proce88.-^^By  this  process  white  charcoal  pig-iron 
of  good  quality  is  re-melted  in  a  cupolarf  umace  and  tapped  into  a  large 
crucible,  previously  heated  to  bright  redness,  containing  malleable  iron 
or  steel  scrap,  together  with  magnetic  iron  ore,  titaniferous  black  sand 
and  clay ;  aisenious  oxide  and  nitre  are  subsequently  added.  In  some 
cases  addition  is  made  of  magnetite  and  arsenious  oxide  only.  After 
receiying  the  charge  of  molten  pig-iron,  the  crucible  is  heated  until  its 
contents  have  become  perfectly  liquid,  when  the  nitre  and  arsenious  oxide 
are  added,  and  the  whole  is  well  stirred. 

The  steel  is  cast  in  vertical  cast-iron  moulds,  and,  when  sufficiently 
cold,  is  drawn  out  under  tilt-hammers.  The  proportion  in  which  the 
ingredients  are  mixed  must  manifestly  exert  an  essential  influence  on  the 
quality  of  the  product  obtained. 

The  following  analyses  of  Obuchow's  common  steeljare  by  Chodnew  i—^ 


?i 


graphitic  .         0*15 )  « ^,. 

combined  .          1-021  ^  ^^ 

Si      .        .  .         0-04  trace 

Fe     .        .  .  98-79  98*76 


100-00  100-00 


This  steel  is  said  to  be  principally  employed  in  the  manufacture  of  guns, 
cannon,  &c. 

Price  and  NichdUoTCa  Process, — ^A  patent  was  granted  in  1855  to 
David  Simpson  Price  and  Edward  Chambers  Nicholson  for  a  method  of 
manufacturing  cast-steel  by  melting  together  malleable  iron  and  refined 
metal — that  is,  pig-iron  freed  from  the  chief  portion  of  its  silicon ;  the 
relative  proportions  of  cast-  and  wrought-iron  are  to  be  adjusted  in 
accordance  with  the  nature  of  the  cast-steel  it  is  desired  to  produce. 
Shortly  afterwards  Mr.  Grentle  Brown  obtained  a  patent  for  the  manu- 
facture of  cast-steel  by  fusing  bar-iron  with  good  charcoal  pig.  A  patent 
was  granted  in  1862  to  Charles  Attwood  for  producing  the  same  result 
by  similar  means. 

Open-Hearth  or  Siemens-Martin  Process, — ^The  production  in  the 
reverberatory  furnace  of  cast-steel  by  the  solution  of  malleable  scrap  in 
molten  pig-iron,  in  accordance  with  the  method  proposed  by  Price  and 
Nicholson,  Brown,  and  others,  has  been  brought  to  a  considerable  degree 
of  perfection  by  the  use  of  the  Siemens  regenerative  gas  furnace.  The 
first  experiments  carried  out  on  a  working  scale  were  made  by  M.  Martin 
at  Sireuil,  near  Paris,  in  1865 ;  but  the  practical  success  of  the  {»ocess 
appears  to  have  been  mainly  due  to  the  adoption  of  the  gas  furnace  of 
the  Messrs.  Siemens. 

The  furnace,  which  is  generally  similar  to  that  shown  in  figs.  25,  26, 
27,  pp.  104,  105,  has  only  a  single  door,  which  is  in  the  middle  of  one 
of  its  longer  sides,  while  on  the  opposite  one,  and  at  the  lowest  part 
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of  the  hearth,  is  a  tapping- hole  and  a  channel,  through  which  the 
metal  is  conducted  for  casting;  the  horizontal  section  is  a  rectangle 
with  the  comers  removed.  The  hearth  is  composed  of  refiactory 
sand,  supported  on  an  iron  hottom  kept  cool  by  a  current  of  air,  and  is 
repaired  after  each  operation  by  ramming  fresh  sand  into  any  holes 
which  may  have  been  produced.  On  the  casting-side  of  the  fnmaoe 
an  iron  tramway  with  waggons^  or  a  revolving  platform,  brings  the 
ingot-moulds  successively  under  the  tap-hole  until  the  casting  is  finished. 
Alongside  the  melting-furnace  is  an  ordinary  reverberatory  furnace 
with  a  flat  hearth,  in  which  the  pig-iron  and  packets  of  scrap  added 
during  the  operation  are  heated  to  redness.  At  Sireuil  the  pig-iron 
employed  was  principally  obtained  from  the  blast-furnaces  of  St  Louis, 
near  Marseilles,  and  from  Bia,  near  Prades ;  the  charge  was  from  1,500 
to  2,000  kilos.  (3,300  to  4,400  lbs.);  but  in  the  large  modem  furnaces 
charges  up  to  20  tons  are  currently  worked.  The  furnace,  after  being 
heated  to  whiteness  by  gas  passing  through  a  Siemens  regenerator,  is 
first  charged  with  a  certain  weight  of  pig-iron,  which,  to  prevent  chilling 
the  furnace,  is  previously  heated  to  redness  in  the  auxiliary  furnace 
before  mentioned.  When  the  pig-iron  has  become  melted  and  the  bath 
is  very  hot,  wrought-iron  is  added  in  quantities  of  from  10  to  20  kilos, 
at  a  time.  Additions  of  red-hot  iron  are  made  at  intervals  of  from 
twenty  to  thirty  minutes,  each  addition  being  followed  by  a  vigorous 
stirring,  in  order  that  the  wrought-iron  may  be  more  readily  dissolved  and 
more  thoroughly  disseminated  in  the  batL 

With  a  neutral  flame  a  bath  of  No.  L  grey-iron  will  dissolve  10  times 
its  weight  of  Bessemer  steel  scrap,  containing  0*3-0*4  per  cent  of  carbon; 
but  Ko.  UI.  metal  will  not  take  more  than  three  or  four  times  its  weight 
of  puddled  iron,  and  if  the  flame  is  oxidizing,  considerably  less. 

When  the  assays  taken  show  that  the  metal  has  been  sufficiently  fined, 
pig-iron  heated  to  redness  is  charged  in  place  of  wrought-iron  or  iron  ore, 
and,  after  the  whole  has  been  thoroughly  stirred,  another  sample  is  taken, 
which  determines,  approximately,  the  further,  amount  of  pig-iron  to  bo 
added.  AJter  two  or  three  successive  additions  have  been  thus  made, 
samples  are  withdrawn  every  half-hour  until  metal  of  the  proper  quality 
is  obtained,  when  the  charge  is  tapped  into  ingot-moulds. 

Each  operation  occupies  from  nine  to  eleven  hours,  with  5  to  6-ton 
charges. 

The  loss  when  melting  Bessemer  scrap  with  No.  Ill  hasmatite  pig  is 
from  4  to  5  per  cent  of  the  total  weight  charged.  The  coal  consumed  is 
from  13  to  14  cwts.  per  ton  of  ingots. 

Newer  Forms  of  Open-Hearth  Furnaces, — Since  the  original  intro* 
duction  of  the  Siemens  process  many  modifications  have  been  made,  both 
in  the  size  and  shape  of  the  furnace,  for  the  different  purposes  of 
accelerating  the  operation,  increasing  production,  and  facilitating  repaii& 
For  a  long  time  the  furnace  was  somewhat  of  the  character  represented  in 
fig.  25,  dec. ;  subsequently  the  air-  and  gas-passages  were  made  longer  and 
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narrower,  and  the  mouth  of  the  former  was  placed  at  a  higher  level  than 
the  latter,  so  as  to  promote  combustion  by  the  rapid  intermixture  of  the 
two  currents,  the  specifically  lighter  gas  rising  through  the  denser  air 
above  it.  The  regenerators  have  also  been  protected  by  the  introduction 
of  semicircular  arched  roofs  instead  of  the  flattened  segmental  form  at 
first  employed. 

Another  modification  is  the  Pemot  rotating  furnace,  introduced  at 
St.  Chamond,  France,  in  1874,  represented  in  transverse  section  in  fig. 
112.  This  has  a  circular  bed  in  a  casing  of  cast-iron  plates  built  up 
like  a  cask,  hooped  with  wrought^iron,  and  mounted  upon  an  axis 
inclined  about  6'  from  the  vertical,  by  which  it  may  be  rotated  by 
appropriate  mechanism.  The  whole  arrangement  is  mounted  upon 
wheels  running  upon  rails,  so  that  it  may  be  withdrawn  for  repairs  as 
shown  in  dotted  outline  on  the  left  side  of  fig.  112.     When  in  working 


Fig.  112.— Pernot's  Open-Hdarth  Ftiroace ;  transverse  sectiotu 
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position,  the  carnage  with  the  hearth  stands  upon  the  top  of  the 
regenerator,  and  under  the  arch  of  the  furnace.  When  at  work,  the  bed 
makes  from  two  to  four  rotations  per  minute;  the  pig-iron  and  scrap  are 
heated  to  redness  before  charging,  and  as  the  position  of  the  pieces  is 
continuously  changing  from  full  exposure  to  the  flame  to  immersion  in ' 
the  liquid  bath,  the  fusion  is  very  rapid.  The  bottom  of  the  hearth 
being  also  exposed  to  the  flames  at  short  intervals,  is  kept  at  a  strong 
heat,  so  that  chilling  or  sticking  of  the  charge  to  the  bottom  is  pre- 
vented The  diameter  of  the  hearth  is  about  7  feet  in  an  8-ton  furnace, 
and  13^  to  15  feet  in  those  for  20  and  25  ton  charges. 

As  an  example  of  the  working  of  this  furnace,  the  details  of  the  pro-, 
press  of  the  operation  of  melting  a  20-ton  charge  are  given  on  the  next 
page. 
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The  coal  used  was  at  the  rate  of  about  6f  cwts.  per  ton  of  ingots 
made,  the  loss  on  the  materials  being  from  5  to  7  per  cent,  according  to 
the  temper  of  the  metal,  being  the  largest  for  the  mildest  qualities.  The 
saving  of  fuel  is  about  one-half  that  required  by  the  fixed-hearth  fur- 
nace. The  original  plan  of  building  the  furnaces  immediately  above  the 
regenerators  has  been  departed  from  in  many  cases.  At  Gratz  in  Styria 
the  furnaces  are  built  upon  brick  piers,  whose  height  is  determined  by 
the  requirements  of  the  casting-ladle,  while  the  regenerators  are  in  vaults 
below  the  ground.  A  further  development  of  this  principle  of  construc- 
tion IB  seen  in  Batho's  furnace,  where  all  the  parts  are  independent  and 
accessible  for  repairs.  This  furnace,  like  Pemot's,  is  circular  in  plan, 
but  the  bed  is  fixed,  and  carried  upon  a  framework  of  iron  girders  at 
such  a  height  above  the  ground  as  to  give  a  large  space  for  ventilation. 
The  regenerators,  also  of  circular  form,  are  cased  with  iron  plates,  and 
resemble  Cowper's  stoves.  Tliey  are  placed  at  the  corners  of  a  rectangle 
with  the  hearth  between  them ;  the  gas  and  air-tubes  are  square,  and 
cased  with  iron.  This  furnace,  introduced  in  1884  at  the  works  of  the 
Steel  Company  of  Scotland,  is  in  use  for  charges  varying  from  3  to  1 5 
tons.  In  the  largest^  the  hearth  is  13  feet  and  the  regenerators  6^  feet 
in  diameter;  the  latter  being  12  feet  high. 

Mr.  Frederick  Siemens  has  lately  modified  the  original  open-hearth 
furnace  by  substituting  a  cylindrical  or  domed  roof  for  the  flattened  form, 
depressed  in  the  middle,  previously  in  general  use.  In  the  latter  con- 
struction the  flames  are  directed  by  the  use  of  sharply  inclined  ports  upon 
the  centre  of  the  hearth,  so  as  to  communicate  heat  to  the  charge  by  con- 
tact ;  while  in  the  former,  the  raised  roof  and  horizontal  ports  give  an 
enlarged  chamber  above  the  bed,  in  which  the  gas  bums  out  of  direct 
contact  with  either  the  roof  above  or  the  chai^  below,  the  work  being 
done  by  radiation  from  the  freely  developed  flame.  Furnaces  whose 
roofs  have  been  altered  to  this  form  are  said  to  work  with  a  considerable 
saving  of  fuel,  and  the  roof,  being  protected  from  the  cutting  influence  of 
the  flames,  is  more  durable. 

Bcuie  OpenrHeairth  Process. — The  Thomas  and  Gilchrist  process  of 
dephosphorization  has  also  been  successfully  applied  to  the  manufacture 
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of  steel  in  the  open-hearth  furnace,  a  bed  of  shrank  dolomite  or  miignesia 
being  substituted  for  that  of  ganister  used  in  the  Siemens  process.    Figs. 


Fig.  118.— Oillot'8  Bade  Open-HMrth  Fumaoe ;  Tortioal  section. 


"Fig-  114.-43iUot'8  BmIo  Open-Hearth  Furnace ;  tranaverae  section  on  FF. 

113, 114y  represent  a  new  form  of  furnace  for  this  process  by  Mr,  Thomas 
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Gillot  ^  at  Faniley,  near  Leeds.  The  iron  bottom-plates,  A,  and  bridge- 
plates,  B,  are  arranged  in  the  usual  way  above  the  regenerators,  while  the 
superstructure  of  siliceous  brickwork  is  carried  on  brackets,  C,  bolted 
to  the  side-plates  of  the  furnace.  This  prevents  irregular  settlement  in 
the  event  of  the  bars  in  the  hearth  shrinking  or  becoming  fluxed.  The 
tap-hole  and  spout  for  the  finished  steel  are  in  front  of  the  furnace  at  D,  on 
the  centre  line  of  the  bed,  while  the  two  slag-holes,  E,  together  with  the 
charging  doors,  are  placed  near  the  bridges  at  a  higher  level  on  the  oppo- 
site side.  The  bottom,  G,  is  made  of  shrunk  dolomite  and  tar  mixture 
rammed  with  red-hot  rammers,  the  passages  for  the  tap-holes  being 
preserved  by  wooden  plugs.  The  parts  marked  H  are  built  with  dolomite 
bricks  grouted  with  the  same  mixture  as  is  used  for  ramming.  Two 
isolating  courses,  I  and  K,  supported  upon  brackets  extending  round 
the  sides  and  ends  of  the  furnace,  keep  the  basic  part  of  the  bed  out 
of  contact  with  the  siliceous  brickwork  of  thB  roof  and  gas-passages ;  the 
lower  one,  I,  is  of  magnesia,  the  upper  one,  K,  of  bauxite  bricks.'  The 
shape  of  the  hearth  is  finished  with  lime  rammed  above  the  brickwork. 
The  gas-  and  air-ports,  instead  of  being  included  in  the  body  of  the 
furnace,  are  enclosed  in  separate  casings  outside  the  hearth,  so  that 
they  may  be  changed  and  the  inlets  repaired  without  cooling  the  fur- 
nace. This  arrangement  of  gas-  and  air-ports,  by  which  the  two  currents 
are  introduced  at  different  levels  instead  of  side  by  side,  is  due  to 
Messrs.  Hackney  &  Wailes,  The  furnace,  when  newly  built  and  fired, 
will  be  sufficiently  hot  in  seventy-two  hours  for  forming  the  bottom, 
for  which  purpose  a  full  melting  heat  is  necessary.  Well-burnt  and 
partly  ground  dolomite  mixed  with  at  most  10  per  cent  of  ground  fire- 
brick is  added,  so  as  just  to  frit  the  lining  and  bind  the  layer  forming 
the  bottom.  The  wooden  tap-hole  plugs  are  burnt  out  and  the  passages 
stopped  by  dry  lime  alone,  or  with  lime  mixed  with  coke-dust.  The 
operation  can  then  be  commenced  by  laying  upon  the  bottom  a  quantity 
of  quicklime,  from  5  to  10  per  cent,  of  the  weight  of  the  pig-iron,  which  is 
then  charged  upon  it,  and  the  wrought-iron  or  steel  scrap  over  both,  all 
cold.  The  whole  charge  should  be  introduced  at  once,  and  feeding  after- 
wards as  much  as  possible  avoided.  In  three  or  four  hours,  when  the  pig 
has  melted  and  the  charge  somewhat  sunk,  the  slag,  which  is  generally 
fluid  and  siliceous,  should  be  removed,  in  order  to  protect  the  sides  of 
the  hearth  from  undue  corrosioiL  In  from  three  and  a  half  to  six  hours, 
according  to  the  proportion  between  the  pig  and  scrap  used,  the  whole 
chai^  will  be  melted,  when  more  slag  can  be  taken  off  or  lime  added  if 
it  is  too  fluid  When  the  proportion  of  pig  is  high,  iron  ore  may  be 
added  with  the  lime.  When  the  boiling  has  ceased  and  the  fluid  metal 
has  been  well  stirred,  it  is  sampled  and  tested  as  in  the  basic-converter 

^  '  Prooeedings  of  the  Institution  of  Giril  Engineers,*  vol.  Ixxvii.  p.  297. 

^  At  the  Alexftndruwsky  WorlcB,^  St.  Petersburg,  an  isolating  layer  6  inofaes  thick 
of  chromic  iron  ore  mixed  with  tar  was  interposed  between  the  silioeons  bricks  and 
the  basic  hearth. 
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process.  And  when  the  result  is  found  satisfactoryi  the  slag  is  again 
removed ;  but  it  is  now  too  pasty  to  run,  and  must  be  raked  off  through 
the  centre  charging-doori  which  is  4^  iuches  lower  than  the  end  ones. 
About  5  per  cent  of  haematite  pig-iron  is  then  charged  on  to  the  bridges^ 
which,  when  melted,  runs  down  into  the  bath,  causing  a  violent  boiling 
for  about  fifteen  minutes.  The  furnace  is  then  allowed  to  rest  for  a 
quarter  or  half  an  hour,  and  any  slag  more  than  is  necessary  to  protect 
the  metal  in  the  ladle  is  removed,  and  the  bath  is  then  ready  for  the 
addition  of  spiegel  or  fenro-manganese  and  tapping.  This  addition  is 
preferably  made  in  the  furnace  rather  than  in  the  ladle,  as  the  action 
is  very  violent,  and  a  more  uniform  mixture  is  secured.  The  slag 
remaining  in  the  furnace  after  casting  is  raked  out  at  once,  and  the  tap- 
hole  is  cleared  from  the  opposite  door.  The.  bottom  and  sides  of  the 
f  uznace  basin  are  then  repaired  with  finely  ground  calcined  dolomite,  and 
gas  is  turned  on  to  bring  it  to  a  state  of  semi-fusion,  which  requires 
from  one  to  three  hours,  and  the  furnace  is  then  ready  for  the  next 
charge. 

The  process  above  described  is  adapted  for  treating  best  Yorkshire 
cold-blast  pig-iron,  containing  silicon  1*245  per  cent,  and  phosphorus 
O-601  per  cent ;  the  scrap  iron  averages  0*2  per  cent  of  phosphorus, 
which  is  reduced  in  the  finished  ingots  to  between  0*055  and  0*097  per 
cent    The  following  are  the  details  of  one  operation : — 

Charged  0.30  A.M.  Famley  No.  3  pig  .        •        .28  owts. 
Steei  0orap      .  .        •      8^  „ 

„       2.46  P.M.  Hiematite  No.  8  pig  .      2    „ 

„       3.10    „    Spiegel,  18  per  cent.  Mn.        .       1^  „ 
„       3*25    „    Ferro-manganese,  53  per  oent  Mn.  ^  owt  5  lbs. 


40i  owts.  5  lbs. 


At  10.30  ^M.  4i  cwts.  Somorrostro  ore  and  If  cwts.  of  burnt  lime 
were  added;  2  cwts.  of  slag  run  off  at  2.20  p.u.,  and  3i  cwt  afte^r 
sampling.  The  cast  at  3.28  p.m.  gave  one  15-inch  and  one  12-inch 
square  ingot,  which,  afier  hammering,  were  roUed  iiito  platea 

The  average  yield  of  ingots  is  about  93  per  cent,  on  the  total  weight 
of  pig-metal,  scrap,  and  ferro-manganese  charged.  The  dolomite  used  in 
repairs  is  about  9  cwts.  per  ton  of  ingota  The  addition  of  lime  during 
the  melting  is  very  destructive  to  the  gas  and  air  ports,  as  small  quantities 
are  carried  over  by  the  draught  and  flux  the  siliceous  brickwork,  forming 
a  slag  which,  dropping  on  to  the  bridge-plates,  causes  a  further  fluxing  of 
the  lime.  The  ports  usually  require  repairs  after  from  eighteen  to  twenty- 
one  days'  work,  and  the  regenerators  require  to  be  cleaned  from  the  deposit 
eaused  by  the  brown  smoke  in  the  later  stages  of  the  process,  after  sixty 
or  seventy  caste  have  been  made.  The  quality  of  steel  produced  being 
very  soft,  0*12  to  0*24  carbon,  the  heat  is  near  the  limit  of  endurance 
of  ganister  bricks,  and,  but  for  their  great  cost,  magnesia  bricks  •would 
probably  be  preferable  for  facing  the  gas-ports. 
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Magnesia  for  converter-  and  furnace-lining  may  be  ol>tained  by  cal- 
cining magnesite  or  native  carbonate  of  magnesium/  which  is,  however, 
a  somewhat  rare  mineral,  and  apt  to  contain  silica,  or  from  dolomite  by 
the  removal  of  the  lime.  For  this  latter  purpose  the  mixed  lime  and 
magnesia  obtained  by  calcining  dolomite  may  be  treated  according  to 
Scheibler's  method  by  sugar  in  the  form  of  molasses  or  syrup,  which 
gives  a  saccharate  of  lime  soluble  in  water,  and  hydrated  magnesia.  The 
latter  being  insoluble,  precipitates,  and  can  be  separated  by  a  filter-press. 
The  saccharate  of  lime  is  then  decomposed  by  passing  carbonic  acid 
through  the  filtered  solution,  which  precipitates  carbonate  of  calcium, 
leaving  the  sugar  in  a  condition  to  be  used  over  again.  The  magnesia  ob- 
tained by  this  method  at  Horde  contained  only  about  2  per  cent  of  lime 
and  1  '0  per  cent  of  silica.     It  was  plastic  and  could  be  easily  moulded. 

Closson's  method  was  intended  for  use  with  the  waste  liquor  of  the 
Stassfurt  Potash-Works,  which  contains  about  15  per  cent  of  MgGl«. 
When  this  is  heated  with  burnt  dolomite,  chloride  of  calcium  and  mag- 
nesia are  formed,  thus — 

MgCls  +  CaOMgO  =  CaGl,  +  2MgO. 

The  operation  is  effected  by  agitating  the  magnesium  chloride  liquor 
with  the  burnt  dolomite  diffused  as  a  '*  milk  "  through  water  in  a  tab 
with  rotatory  stirrers.  The  decomposition  takes  place  rapidly,  and  when 
completed  the  contents  of  the  tub  are  put  through  a  filter-press.  The 
calcium  chloride  runs  out^  leaving  hydrate  of  magnesium  in  the  filter, 
which  when  washed  with  water  is  practically  pure.  The  liquors  at 
Horde,  where  the  process  was  tried,  were  further  utilized  by  mixing  them 
with  a  fresh  portion  of  burnt  dolomite  in  water,  dhd  passing  blast-furnace 
gas  through  the  mixture,  which  was  kept  well  stirred  to  promote  contact 
between  the  gas  and  the  liquid.  Carbonate  of  calcium  is  precipitated  by 
the  carbonic  acid  in  the  gas,  which  is  thereby  improved  for  heating 
purposes,  while  magnesium  chloride  is  re-formed,  thus — 

CaCla  +  MgOCaO  +  200^  =  MgClj  +  2CaC0^ 

The  liquor  containing  the  chloride  of  magnesium  is  drawn  off,  filtered, 
and  used  again.  The  mud  and  calcium  carbonate  separated  are  thrown 
away,  and  the  loss  of  magnesium  chloride  is  from  5  to  6  per  cent 

On  the  French  coast  of  the  Mediterranean,  at  Aigues-Morte^  Clos- 
son's  process  is  applied  to  the  recovery  of  magnesia  from  sea-water,  which 
contains  magnesium  chloride  and  sulphate  to  the  amount  of  4  lbs.  per 
cubic  yard.  The  sea-water  is  pumped  into  a  tank  lined  with  masonry, 
and  milk  of  lime  in  the  proportion  of  1*5  units  of  lime  per  unit  of 
magnesia  is  run  in  simultaneously.  The  mixture  is  made  by  mechanical 
stirring  in  two  similar  tanks,  and  is  filtered  into  shallow  pans  16  feet 
wide  and  1,000  feet  long,  with  beds  of  clean  beach-sand.  The  precipi- 
tate is  allowed  to  dry  in  the  sun,  which  requires  from  twenty  to  thirty 
days  in  summer,  but  in  winter  artificial  heat  is  necessary,  and  when 
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dried  the  hydrated  magnesia  is  calcined  and  made  into  bricks  with  tar  in 
the  usual  way. 

Compressed  SteeL — In  casting  steel  in  large  masses,  whether  icon): 
crucibles,  Bessemer  converters,  or  open-hearth  furnaces,  it  is  often  difficillt 
to   obtain  sound  ingots^  especially  when  the  metal  is  of  a  very  Wild'  -' 
temper,  the  upper  part  being  spongy  from  included  hollow  spaces,  \itoti^ 
sometimes  perfectly  honeycombed  by  the  arrangement  of  these  holes  iK  ^ 
lines  perpendicular  to  the  surfaces  of  the  mould.     This  effect  has  been 
attributed  either  to  the  escape  of  carbonic  oxide  formed  by  the  reaction 
of  carbon  in  spiegeleisen  upon  oxidized  iron  when  the  final  tempering  is 
effected,  or  to  the  escape  during  solidification  of  hydrogen  previously 
absorbed  by  the  molten  metal.     Although  neither  of  these  views  has  been 
fully  established  by  experiment,  it  is  certain  that  iron  and  steel  when 
solidified  retain  a  considerable  quantity  of  gas,  which  may  be  extracted 
by  heating  the  metal  in  vqcuo,  and  consists  principally  of  hydrogen  (65 
to  90  per  cent.),  and  nitrogen  (30  to  10  per  cent.),  with  at  most  2^ 
per  cent  of  carbonic  oxide. 

The  consolidation  of  ingots  intended  for  rolling  or  forging  has  been 
effected  by,  subjecting  the  metal  while  in  the  mould  to  hydrostatic  or 
gaseous  pressure  until  it  sets,  whereby  the  escape  of  dissolved  gas  is  pre- 
vented, and  also  by  stirring,  and  transferring  from  one  ladle  to  another 
to  give  facility  for  such  gas  to  escape.  The  first  method  is  applied 
on  the  largest  scale  by  Sir  Joseph  Whitworth  in  the  production  of  so- 
called  compressed  steel,  which  is  subjected  while  melted  to  a  pressure 
varying  from  6  to  20  tons  per  square  inch,  the  press  used  being  capable  of 
exerting  a  strain  of  10,000  ton&  The  ingot-moulds  are  heavily  hooped 
-with  steel,  and  lined  internally  with  fire-brick.  The  ingots  are  said  to  be 
about  12|  per  cent,  shorter  than  those  cast  in  open  moulds,  but  the 
density  of  the  metal  is  only  increased  by  about  y'^^ths  per  cent  (from  7 '86 
to  7*88  at  15"  C.)  Other  methods  of  applying  pressure  are  those  of 
Captain  Jones  of  Pittsburg,  using  steam,  and  Baron  Krupp,  using  liquid 
carbonic  acid.  In  the  former,  the  mould  is  clamped  firmly  to  its  l^se, 
and  a  conical  seat  is  turned  on  the  neck,  which,  when  the  metal  is 
poured,  is  covered  by  a  closed  lid  wedged  down,  so  as  to  form  a  steam- 
tight  joint  The  top  of  the  lid  communicates  by  a  flexible  pipe  with  a 
drum  supplying  steam  at  a  pressure  of  from  80  to  150  lbs.  per  square 
inchy  which  is  cdlowedto  act  until  the  metal  has  set.  This  plan  is  said  to 
have  given  good  results,  but  is  believed  to  be  no  longer  in  use. 

In  Krupp's  method  liquefied  carbonic  acid,  which  is  now  made  com- 
mercially on  a  large  scale,  is  used  instead  of  steam.  The  bottle  con- 
taining the  liquid  acid  communicates  with  the  upper  part  of  the  mould 
by  »  pipe  of  small  bore^  The  mould  is  hooped  with  steel ;  the  cover  is 
secured  by  bolts  and  wedges,  and  an  expanding  copper  ring  forme  a  gas- 
tight  joint  The  cover,  is  bored  through  to  allow  the  introduction  of  t)ie 
liquid  metal,  and  the  passage  can  be  closed  by  a  sliding'  wedge.  When 
th4  mould  is  filled,  the  sigrface.of  the  metal  is^cocvered  with  sand,  slag,  or 
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other  badly  conductiiig  material ;  the  feeding-hole  is  cloeed,  and  the  gas 
supply- pipe  opened.  The  pressure  exerted  depends  upon  the  tem- 
perature to  whieh  the  liquid  acid  is  exposed.'  This  is  regulated  by 
immersing  the  bottle  in  a  cistern  of  water,  which  can  be  heated  ^en 
necessary. 

Of  the  methods  for  producing  homogeneity  in  the  mdten  metal  by 
agitation,  that  of  Mn  Allen  is  the  most  noticeable.  This  conusts  of  an 
apparatus  resembling  &  ship's  screw-propeller,  covered  with  refractory 
material,  which  is  attached  to  a  strap  capable  of  being  revolved  by  appro* 
priate  gearing,  which  is  lowered  into  the  metal  in  the  ladle,  and  turned 
rapidly  for  a  few  minutes  before  casting.  This  was  introduced  at  Sheffield 
in  1881,  but  has  not  been  much  used  elsewhere.  Another  plan  intro- 
duced by  Mr.  James  Biley  in  1884,  that  of  transferring  the  metal  from 
the  receiving-ladle  to  a  second  or  casting-ladle,  has  been  found  to  be 
extremely  b^ieficial  in  promoting  uniformity  of  composition  in  kige 
charges. 

A  method  of  combining  the  Bessemer  and  open-hearth  processes 
practised  at  Neuberg  in  Styria  may  be  here]  noticed.  The  coaverte^ 
charge  of  manganiferous  grey  pig-metal,  after  blowing  for  nineteen 
minutes,  when  the  cacbon  is  reduced  O'lO  per  cent,  is  poured  into  a 
ladle  and  transferred  to  an  open-hearth  melting-furnace,  previously  well 
heated,  where  it  lies  for  three  or  four  hours,  being  kept  on  the  boil  during 
the  whol»  time.  Two  or  three  additions  are  made  of  steel  and  iron  scraps 
to  the  extent  of  about  6  per  cent  in  all,  and,  finally,  about  5  or  6  per  cent 
of  ferro-manganeae  is  added  before  casting.  The  steel  so  treated  is  said 
to  be  of  equal  value  with  crucible  steel  for  almost  all  purposes.  Steel  is 
now  very  largely  used  for  making  wheels  and  other  piurts  of  locomotives, 
which  are  cast  to  pattern  in  the  same  way  as  those  <d  cast-iron ;  and 
even  such  large  irregularly  shaped  objects  as  the  stems  and  stem-frames 
of  steamers  are  similarly  produced.  In  these  cases  the  castings  are 
rendered  sound  by  the  addition  of  ferro-silioon  or  silico-ferro-manganeae, 
a  process  known  as  steel-casting  without  blow-holes,  which  was  originally 
introduced  at  Terre-Noire  in  France.  Special  precautions  are'  also  required 
in  moulding;  the  surface  of  the  mould  must  be  very  refractory  and 
highly  polished,  while  possessing  a  certain  permeability  to  gases.  At 
Gratz  in  Styria,  rails  and  castings  of  parts  of  locomotives  are  sometones 
made  from  the  same  charge  of  open-hearth  steeL  In  such  oases  the 
rail-ingots  are  poured  first,  and  the  metal  remaining  in  the  ladle  is 
tempered  with  ferro-silicon  for  the  pattern  castings,  The  amount  of 
silicon  necessary  for  the  latter  purpose  is  35  lbs.  per  5^-ton  charge,  which 
is  added  in  the  form  of  350  lbs.  of  10  per  cent  ferro-silicon,  previously 
melted  in  a  crucible  and  poured  into  the  ladle.  The  avenge  oompo* 
sition  of  the  casting  is — 

Carbon,  0*4-0*5 ;  slUooii,  0*8-0*4 ;  manganeM,  0*46-0*6 ;  pboflphoras,  0*06-0*09. 
.    The  tensile  strength  is  about  38^  UmB  per  square  inch,  with  10  to  14 
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per  cent  eIoIlgatiox^  and  20  to  40  per  cent  contraction  on  f moture ;  suck 
castings  must  be  annealed  before  they  can  be  used. 

The  action  of  silicon  in  consolidating  steel  castings  is  not  well  under- 
stood. Pourcel  considers  it  due  to  the  reduction  of  oxide  of  iron  in  tlie 
metal  with  the  production  of  silica,  which  combines  with  iron  or  man- 
ganese oxides  to  form  a  slag  without  giving  off  any  gas;  while,  on 
the  other  hand^  when  a  carburised  tempering  material,  such  as  spie- 
geleisen,  is  used,  the  reduction  of  the  oxide  of  iron  being  effQcted  by 
carbon,  carbonic  oxide  is  evoWed,  and  may  be  entangled  in  the  casting, 
rendering  it  unsound.  Miiller  considers  the  effect  to  be  mainly  physical ; 
the  silicon,  by  reducing  the  solvent  power  of  the  metal  for  hydrogen, 
promotes  the  separation  of  that  gas  while  it  is  still  liquid. 

Mcmipidaiion  of  Sied  Ingots, — When  the  ingots  have  solidified  in  the 
casting-pit,  they  are  stripped  by  removing  the  moulds  by  the  ingot-crane, 
which  in  most  cases  is  readily  done,  as  the  ingots  are  broader  below  than 
above.  When,  however,  the  mould  cannot  be  detached,  it  is  lifted  with 
the  enclosed  ingot  and  placed  upon  the  framing  of  a  hydraulic  press  or 
hammer  aG^oining  the  pit,  where  the  **  sticker  "  is  forced  out  by  the  ram 
acting. from  abov&  Formerly  ingots  were  invariably  hammered  before 
being  passed  through  the  rolling-mill,  but  the  practice  is  now  generally 
given  up,  except  for  the  very  heaviest  foxgings,  and  even  with  these  the 
hydraulic  forging-press  (see  p.  309)  is  coming  gradually  into  use,  and 
will  probably  supersede  the  hammer.  For  working  the  ingots,  they 
must  be  brought  to  a  full  orange-red  heat^  which  is  usually  done  in  a 
le-heating  furnace  of  the  Siemens,  Bicheroux,  or  some  analogous  form. 
These  are  made  of  considerable  length,  with  the  head  sloping  from  the 
flue  end  towards  the  fire-bridge  at  about  1  in  9  or  10,  so  that  the  ingot 
introduced  at  the  upper  or  colder  end  may  be  gradually  rolled  downwards 
until  raised  to  the  required  heat,  which  requires  about  three  hours. 
If  intended  for  rails,  it  is  then  passed  through  the  cogging-mill  and 
reduced  to  a  parallel-sided  bloom,  which  when  re-heated  is  rolled  to  the 
proper  section  at  one  operation  in  the  rail-mill.  The  rails  are  sawn  to 
the  proper  length,  giving  a  short  piece  or  crop  from  either  end.  These 
are  in  some  cases  sold  for  wire-drawing  or  other  uses,  but  more  gene« 
rally  they  are  re-melted  in  the  open-hearth  furnace ;  in  any  case,  they 
are  a  source  of  waste  and  loss  in  the  manufacture.  It  is,  therefore, 
cuBtomaiy  in  rail-making  to  diminish  the  proportion  of  crop-ends  by 
using  heavy  ingots,  which  allow,  several  lengths,  of  rail  to  be  cut  from 
a  single  rolled  bar.  Thus  at  Eston  four  30-feet^  rails  of  the  heaviest 
section  are  made  from  a  single  ingot  of  35  cwt&  with  only  one  pair  of 
crop-ends.  At  Workington  a  three-rail  ingot  is  passed  nine  times 
through  the  cogging-mill  and  thirteen  times  through  the  rail-mill  to 
produce  the  finished  section. 

Cyen^  Soaking-PU, — ^An  important  economy  has  been  realized  in  the 
tolling  of  steel  ingots  by  utilizing  the  heat  given  out  by  the  metal  on  soli- 
dification for  the  purpose  of  bringing  it  to  the  proper  temperature  for 
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cogging  and  rolling  without  the  use  of  the  re>heating  furnace.  This  is 
done  by  the  so-called  soaking-pit,  introduced  in  1882  by  Mr.  John  Gjeia^ 
which  consists  of  a  square  pit  or  cell,  a  little  wider  than  the  base  of  the 
ingot  and  somewhat  deeper  than  its  length,  having  an  inner  lining  of  fire- 
brick 9  inches  thick.  The  ingot  when  stripped  from  the  mould  is  remoyed 
by  the  crane  as  soon  as  it  can  be  handled  with  safety,  but  before  the  metal 
has  completely  solidified  throughout,  and  placed  in  the  pit  and  closely 
covered.  The  heat  given  out  by  the  ingot,  which  under  (»dinary  circum- 
stances is  dissipated  in  the  atmosphere,  is  absorbed  and  stored  up  by 
the  brickwork ;  and  supposing  the  latter  to  be  cold,  the  heat  of  two 
ingots  will  be  sufficient  to  warm  it  up  sufficiently  to  bring  subsequent 
ingots  to  a  uniform  heat  for  rolling  in  about  an  hour.  When  the  brickwork 
becomes  overheated,  it  may  be  cooled  by  dropping  in  a  lump  of  bitumi- 
nous coal,  when  the  surplus  heat  is  absorbed  in  the  gasification  of  the 
volatile  contents. 

The  soaking-pite  are  usually  arranged  in  groups  of  six  in  any  con- 
venient position  between  the  casting-pit  and  the  roUing-milL  Their 
application  is  illustrated  in  figs.  115,  116,  which  represent  the  arrange- 
ments adopted  at  the  Blochaim  Works  of  the  Steel  Company  of  Scot- 
land, where  open-hearth  steel  is  made  on  a  very  large  scale  for  ship- 
building purposes.  The  melting-furnaces,  twelve  in  number,  are  arrang^ 
in  a  row,  having  a  line  of  railwi^y  parallel  to  them,  upon  which  a  loco- 
motive draws  a  carriage,  a,  fig.  116,  conveying  a  ladle  for  the  steel  and 
a  mould  for  the  slag.  About  the  middle  of  the  row  of  furnaces  is  a  20- 
ton  hydraulic  lift^  6,  which  raises  the  ladle  until  a  pair  of  horns  on  each 
side  of  the  peuring-lip  come  in  contact  vrith.  brackets,  which  are  so 
placed  that  it  is  kept  in  the  same  horizontal  plane  until  the  whole 
contents  are  poured  into  the  second  or  casting-ladle,  c,  which  is  attached 
to  a  central  crane  like  that  of  a  Bessemer  pit^  but  which  has  no  lifting 
motion.  The  charge  when  transferred  is  brought  over  the  moulds  in 
the  casting-pit,  d,  and  cast  in  the  usual  way.  This  method  of  transfer 
is  found  to  be  beneficial  in  mixing  the  contents  of  the  charge,  and  pro- 
duces great  uniformity  in  the  ingots,  while  the  time  of  casting  is  about 
fifteen  minutes  less  than  by  the  old  method.  The  pit  is  40  feet  in 
diameter  and  3  feet  deep.  It  has  three  ingot-cranes,  e,  with  lifting 
powers  of  2  and  3  tons,  which  may  be  used  separately  or  combined. 
Between  the  cranes  are  two  sets  of  soaking-pits,  /,  each  with  dx  cells, 
varying  in  capacity  for  ingots  from  30  cwts.  to  3  tons  each.  Two  of  the 
three  cranes  lift  the  ingots  from  the  moulds  and  deposit  them  in  the 
soaking-pit^  while  the  third  or  central  crane  lifts  them  when  soaked  or 
re-heated  and  places  them  on  a  tipping-carriage,  g,  at  the  end  of  the 
feed-rollers  of  the  cogging-milL  lliis  carriage  is  worked  by  a  hydraulic 
engine,  so  that  the  ingot  is  deposited  without  shock  on  the  feed-rolleis 
of  the  mill 

The  cogging-mill,  h,  has  hollow  steel  rolls,,  with  32-inch  centres  and 
edging-grooves  on  ei^ch  jside.    The  (pp  toU  is  balanced  by  hydraulic  presass 
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placed  under  the  bed-plate,  and  has  a  lift  of  14  inches.  The  setting 
screws  for  the  rolls  are  worked  by  screw-and-worm  wheels  driven  by  a 
Willans  steam-engine.  The  ingot  is  turned  from  fiat  to  edge,  or  vice 
vergd,  when  on  the  feed-rolls,  by  arms  put  in  motion  by  hydraulic  engines 
placed  below  them. 


The  mill  is  managed  by  one  man  and  two  boys,  one  of  whom  attends 
to  the  setting  and  the  other  to  the  turning-  and  feeding-gear.  The  mill- 
engine,  J,  has  two  S6-inoh  cylinders,  4  feet  stroke,  and  is  geared  in  the 
proportion  of  2f  to  1.  The  rolls  make  28  revolutions  or  180  feet  circum- 
ferential speed  per  minute.     The  ingots  remain  about  twenty  minutes  in 

2  A 
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the  mould  after  casting,  when  they  are  stripped  and  transferred  to  the 
soaking-pit^  where  they  remain  ahout  55  minutes,  being  then  passed 
through  the  cogging-mill  and  reduced  to  section,  which  operation,  to- 
gether with  the  subsequent  shearing  to  the  specified  weight,  requires 
about  five  minutes.  The  hydraulic  guillotine  shearing-machine,  k,  having 
a  working  pressure  of  1,000  tons,  and  capable  of  shearing  slabs  2  feet 
broad  and  8  inches  thick,  is  placed  behind  the  mill,  and  has  feed-rollers, 
which  pass  the  sheared  slab  on  to  the  bogie,  Z,  whence  it  is  carried,  on 
rails,  to  the  re-heating  furnace  of  the  plate-mill. 

Manufacture  of  Compound  Platen, — ^Armour-plates  having  a  steel  face 
upon  a  wrought-iron  backing  are  made  by  running  molten  steel  upon 
malleable  iron  plates.  For  this  purpose  a  face-plate  of  steel  containing 
about  0*5  per  cent,  carbon  is  attached  by  steel  screws  to  soft  iron  plates, 
so  as  to  leave  a  space  between  them  to  receive  the  liquid  steel  The 
mould  so  prepared  is  heated  to  redness,  and  placed  on  edge  in  a  mould- 
ing-box sunk  in  a  casting-pit,  the  wrought-iron  backing  being  in  contact 
with  one  side  of  the  box,  while  on  the  steel  side  a  layer  of  sand  is  inter- 
posed ;  the  spaces  at  the  ends  are  also  rammed  with  sand.  When  the 
mould  is  ready,  open-hearth  or  Bessemer  steel  is  run,  as  hot  as  possible, 
from  the  ladle  into  a  trough  with  several  feeding-holes  discharging  into 
the  space  between  the  plates.  Owing  to  the  very  high  temperature  of  the 
liquid  steel,  the  surface  of  the  iron  plate  is  sufficiently  softened  to  eifect 
complete  union  between  the  two  metals.  The  compound  slabs,  when 
sufficiently  cooled,  are  removed  to  the  rolling-mill  and  finished  to  the 
proper  size,  the  screws  and  pieces  of  steel  forming  the  sides  being 
removed  in  the  final  shearing.  The  proportions  adopted  for  the  slab  of 
a  compound  plate  8  inches  thick  when  finished,  are  12  inches  for  the 
wronght-iron  foundation,  2  inches  for  the  steel  face-plate,  and  a  space  of 
5  or  6  inches  for  the  liquid  steel ;  about  one-third  steel  to  two-thirds 
iron. 

Partial  Decarburization  op  Cast-Iron  by  Cementation. — The  fact 
that  articles  of  cast-iron  become  softened  if  imbedded  in  ferric  oxide,  and 
maintained  for  a  considerable  time  at  a  high  temperature,  was  published 
by  B^umur  so  long  ago  as  1722.  The  invention  of  this  process  is, 
however,  generally  ascribed  to  Mr.  Samuel  Lucas,  to  whom  a  patent 
was  granted  in  1804  for  a  method  of  softening  cast-iron  by  cementation 
with  "  ironstone  ore,  or  some  of  the  metallic  oxides,  lime,  or  any  com- 
bination of  these."  The  castings  to  be  softened  are  packed  in  cast-iron 
crucibles,  containing  finely  powdered  red  haematite,  and  arranged  in 
rows  one  above  another  in  a  furnace  somewhat  resembling  the  ordinary 
cementation  chamber.  When  the  furnace  has  been  charged,  all  the 
openings  are  carefully  closed  and  the  fire  is  lighted,  the  temperature  being 
gradually  raised  so  as  to  reach  a  red  heat  in  about  twenty-four  hours ; 
the  firing  is  subsequently  continued  during  from  three  to  five  days, 
according  to  the  thickness  of  the  layer  of  malleable  metal  required. 

When  withdrawn  from  the  furnace,  articles  which  have  been  subjected 
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to  this  treatment  present  the  appearance  of  ordinary  malleahle  iron,  but 
are  lighter  in  colour;  their  fractured  surfaces  are  white  and  finely  granular, 
and  occasionally  present  a  silky  appearance  not  unlike  that  exhibited  by 
soft  steel  When  the  thickness  of  the  object  is  at  all  considerable,  a 
kernel  of  unchanged  cast-iron  is  frequently  left  in  the  centre ;  this  may 
sometimes  be  broken  by  bending  without  occasioning  the  rupture  of  the 
external  skin  of  malleable  iron. 

It  is  essential  for  the  success  of  this  process  that  the  metal  used  for 
the  castings  should  be  as  free  as  possible  from  silicon,  and  not  contain 
much  manganese. 

The  principal  application  of  this  process  is  to  small  articles  of  hard- 
ware, such  as  keys,  buckles^  gun-furniture,  stirrups,  bits,  <fec  The 
stratum  of  malleable  metal  thus  obtained  on  the  surface  of  cast-iron 
may  be  externally  conyerted  into  steel  by  a  process  of  case-hardening,  so 
that  the  same  object  may,  at  different  depths,  be  successively  composed  of 
cast-iron,  wrought-iron,  and  steel ;  cheap  articles  of  cutlery,  prepared  in 
this  way,  are  known  in  the  trade  as  run-steel  goods. 

In  the  modification  known  as  the  Siemens  ore- process,  as  dis- 
tinguished from  the  scrap  or  Martin  process,  the  bath  of  pig-iron  is 
decarbuiized  by  the  addition  of  hematite  in  lumps,  which  causes  a  violent 
boiling.  When  the  metal  is  nearly  of  the  right  temper,  it  is  allowed  to 
rest,  so  that  the  slag  may  separate,  and  a  little  limestone  is  added  to 
recover  some  of  the  iron.  From  20  to  24  cwts.  of  ore  are  used  in  a 
5-ton  charge,  about  one-half  of  it  being  reduced  and  recovered  in  the 
ingots.  About  1  per  cent,  more  spiegel  and  1  cwt  per  ton  more  coal  are 
required  than  in  the  scrap  process.  Usually  the  two  methods  are  com- 
bined, the  ore  being  mainly  used  for  tempering  Uie  steel  if  too  hard 

A  process  intended  for  the  production  of  small  articles  that  have 
been  hitherto  made  as  malleable  castings  has  been  recently  introduced 
from  Sweden  by  Mr.  T.  Nordenfeldt.  The  material,  called  mUis-metal^ 
which  is  essentially  wrought-iron,  is  melted  in  crucibles,  the  very  high 
temperature  required  being  obtained  by  the  combustion  of  petroleum- 
vapour  in  specially  constructed  furnaces,  and  the  requisite  fluidity  is 
obtained  by  the  addition  of  a  small  quantity  of  aluminium  before 
pouring.  The  appearance  of  large  objects  made  by  this  process  when 
fnciuied,  is  very  similar  to  that  of  steel  castings  made  with  an  addition 
of  silicon. 

Hardening  and  Tbmpbbing  Stbbl — All  varieties  of  wrought-iron 
eontaining  above  0-25  per  cent,  of  carbon  possess  the  property  of  becom- 
ing hardened  by  sudden  cooling  from  a  high  temperature.  Steel  thus 
treated  is  found  to  possess  a  lower  specific  gravity  than  before  hardening, 
but  on  being  again  heated,  and  allowed  to  cool  gradually,  its  original 
density,  softness,  and  malleability  are  restored. 

In  manufacturing  objects  of  steel,  the  metal  is  filed  or  turned  into  the 
required  form  when  in  a  soft  state,  and  is  subsequently  hardened  by 
being  strongly  heated  and  rapidly  cooled 
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In  doing  this,  however,  it  is  difficult  to  ftrrive  directly  at  the  exact 
degree  of  hardness  best  fitted  for  the  purpose  to  which  the  instrument 
is  to  be  applied,  and  it  is  therefore  customary  to  give  to  the  metal  in  the 
first  instance  a  considerable  degree  of  hardness,  and  afterwards .  to  soften 
it  by  an  operation  called  ^  tempering."  In  this  the  workman  i&  guided 
by  the  various  colours  assumed  by  the  surface  of  the  metal  during  the 
progress  of  the  operation,  and  when  the  proper  colour  makes  its  appear- 
ance,  the  object  is  suddenly  cooled.  These  tints,  some  of  whidi  are 
extremely  brilliant,  are  probably  occasioned  by  films  of  oxide  conespond* 
ing  with  considerable  exactitude  to  the  degree  of  heat  to  which  the 
metal  is  exposed,  and  they  consequently  serve  as  a  tolerably  accurate 
guide  in  determining  the  hardness  which  the  object  will  acquire  on 
being  cooled. 

The  following  colours  appear  in  succession  on  the  surface  of  a  plate 
of  steel  when  exposed  to  a  progressive  heat  A  piece  of  polished  and 
hardened  steel,  subsequently  heated  to  220"  C,  has  a  faint  yellow  colour, 
and  is  well  suited  for  lancets  and  other  instruments  requiring  an  extremelj 
fine  edge.  When  tempered  at  230"*,  a  faint  straw-colour  tint  is  obtained, 
which  is  well  adapted  for  razors  and  surgeons'  amputating  knives.  Steel 
seasoned  at  243''  is  of  a  full  yellow  colour ;  this  is  tougher  than  the 
above,  and  is  the  tint  to  which  penknives  are  usually  tempered.  At  255' 
it  acquires  a  brownish-yellow  tint,  which  is  the  .colour  best  fitted  for 
chisels  and  shears  for  cutting  metals. 

Axes  and  plane-irons  are  tempered  at  about  265"*,  which  develops  a 
brown  shade  intermixed  with  purple  spots.  For  table-knives  and  cloth- 
shears  a  temperature  of  277°  is  employed,  which  gives  a  purple  colour  to 
the  metal  so  treated.  For  swords  and  watch-springs  the  metal  is  cooled 
when  of  a  bright-blue  colour ;  this  tint  very  nearly  corresponds  with  a 
temperature  of  288°. 

At  293°  steel  assumes  a  fine  blue  colour,  and  is  at  this  stage  well 
adapted  for  small  shears  and  ordinary  chisels ;  at  316°  it  takes  a  dark- 
blue  colour,  which  is  that  best  fitted  for  large  saws,  the  teeth  of  which 
require  to  be  bent  by  hammering. 

The  absolute  strength  and  toughness  of  steel  is  much  increased 
when  the  tempering  is  effected  with  oil  instead  of  water.  The  large 
tubes  used  for  ordnance  are  now  generally  tempered  in  this  way.  Pointed 
steel  projectiles  for  piercing  armour  plates  are  cast  in  metal  moulds,  and 
hardened  at  the  points  by  heating  to  redness  and  dipping  in  water  until 
they  are  no  longer  visibly  red,  the  final  cooling  being  effected  in  an  oil- 
bath  containing  at  least  four  times  as  much  oil  by  weight  as  the  object 
to  be  immersed. 

Damascening,  by  which  a  surface  is  obtained  covered  by  a  variety  of 
figures  resembling  the  water-lines  on  certain  kinds  of  silk,  is  produced 
by  repeatedly  drawing  out,  doubling  up,  and  welding  together  a  bar  com- 
posed of  a  mixture  of  steel  and  iron,  and  subsequently  treating  with  an 
acid.     When  an  article,  such  as  a  swprd-blade  or  gun-barrel,  made  of 
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this  mixture  is  washed  with  a  weak  acid,  its  surface  becomes  in  a  greater 
or  less  degree  unequally  attacked,  as  the  surface  of  the  iron  retains  its 
metallic  lustre,  while  that  of  the  steel  is  left  covered  with  a  black  firmly 
adherent  coating  of  carbon.  This  gives  rise  to  the  peculiar  wavy  figures 
which  may  be  observed  on  the  once  celebrated  sword-blades  of  Damascus. 
The  production  of  the  three  principal  staples  of  iron  manufacture, 
namely,  pig-iron,  wrought-iron  (chiefly  as  puddled  bars),  and  steel  ingots, 
in  the  more  important  iron-making  countries  of  the  world,  for  the  years 
1884  and  1885,  was  as  follows :  ^— 

Pboduotiom  of  Pia-lBON,  Wbottoht-Ibon,  and  Stbbl. 


Countries. 

Tear. 

Pig-iron. 

Wrought-Iron. 

Steel. 

United  Kingdom 
United  States    . 

Germany   .... 

France       .         .        .        , 

Belgium    .... 

Austria-Hungary 

Sweden     .... 

1884 
1885 
1884 
1885 

1884 
1885 
1884 
1885 
1884 
1885 
1884 
1885 
1884 

Statute  Tons. 
7,811,727 
7,415,469 
4,097,869 
4,044,526 

Ststute  Tons. 
2,287,585 
1,911,126 
1,724,795 
1,597,955 

Statute  Tons. 
1,774,926 
1,888,045 
1,550,880 
1,712.274 

Metric  Tons. 

8.572,155 

8,751,775 

1,855,247 

1,628,941 

750,812 

714,677 

796,620 

760,000 

480,584 

Metric  Tods. 

1,598,000 

1,408,000 

1,449,064 

1,482,600 

471,040 

454,227 

846,584 

855,412 

292,198 

Metrio  Tons. 

1,188,500 

1,140,500 

509,516 

527,048 

185,916 

146,189 

225,752 

217,690 

74,241 

Analysis  of  Cast-Iron,  Wrought-Ibon,  and  Steel. 

Preparatory  to  its  examination,  the  metal  must  be  reduced  to  a  suit- 
able state  of  diyision,  either  by  boring,  turning,  or  planing ;  in  the  case 
of  white-iron,  it  may  be  reduced  to  a  coarse  powder  in  a  steel  crushing- 
mortar.  It  is  generally  considered  preferable,  in  order  to  obtain  an 
average  sample  of  a  pig,  to  bore  completely  through  it,  so  that  a  fair 
proportion  of  the  graphite,  which  is  occasionally  found  concentrated 
towards  the  centre,  may  be  included  in  the  borings.  The  borings  obtained 
in  this  way  are,  when  necessary,  further  reduced  and  thoroughly  mixed 
by  trituration  in  a  Wedgwood  or  large  agate  mortar.  In  the  analysis 
of  pig-iron  the  proportions  of  the  following  constituents  are  usually 
determined,  namely,  carbon,  distinguishing  the  graphitic  from  that  in 
the  combined  state;  silicon,  sulphur,  phosphorus  and  manganese;  and 
in  certain  cases  such  metals  as  arsenic,  lead,  and  copper  are  estimated 

^  In  many  cases  the  figures  are  approximations  only,  but  are  the  best  that  can  be 
obtained. 
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The  amount  of  aluminium,  magnesium,  and  calcium  is  sometimes  also 
determined. 

Sulphur. — ^About  10  grammes  of  the  borings  are  slowly  dissolved 
in  concentrated  hydrochloric  acid,  and  the  evolved  gases  may  be  passed 
through  a  solution  of  lead  acetate  slightly  acidified  with  acetic  acid ;  the 
sulphuretted  hydrogen  disengaged  precipitates  lead  as  sulphide,  which  is 
collected  on  a  filter  and  washed,  and  subsequently  converted  into  sulphate 
of  lead,  from  the  weight  of  which  the  percentage  of  sulphur  is  calculated 
Instead  of  conducting  the  gases  through  a  solution  of  lead  acetate,  they 
may  be  passed  through  an  ammoniacal  solution  of  nitrate  of  silver ;  silver 
sulphide  will  be  precipitated,  together  with  a  small  quantity  of  a  dark- 
coloured  compound  resulting  from  the  action  of  the  evolved  hydrocarbons 
on  the  silver  salt  The  precipitate  is  separated  by  filtration  and  dissolved 
in  fuming  nitric  acid.  Hydrochloric  acid  is  added,  and  the  whole  eva- 
porated nearly  to  dryness.  The  silver  chloride  is  removed  by  filtra- 
tion, and  the  sulphuric  acid  in  the  filtrate  thrown  down  by  solution  of 
barium  chloride. 

The  contents  of  the  flask,  after  the  metal  has  been  fully  acted  upon, 
are  transferred  to  a  procelain  basin  and  evapomted  to  dryness,  the  mass 
digested  with  concentrated  hydrochloric  acid,  and  water  afterwards 
added.  The  insoluble  residue,  consisting  of  silica  and  graphite,  is 
washed  by  decantation  and  collected  in  a  platinum  dish ;  the  decanted 
liquid  is  reserved  for  the  estimation  of  manganese,  &c 

Carbon  as  Graphitb. — The  mixed  silica  and  graphite  are  separated 
by  the  action  of  a  warm  solution  of  pure  potash  ;  the  silica  is  dissolved, 
and  the  graphite  (which  remains  insoluble)  is  washed  with  water,  and 
dried  by  exposure  for  some  time  to  a  temperature  of  about  120'  C,  after 
which  it  is  weighed.  Upon  subsequently  burning  the  graphite  in  a 
muffle,  it  usually  leaves  a  small  quantity  of  a  reddish  ash,  which  must 
be  deducted  from  the  former  weight ;  this,  after  fusion  with  nitre  and 
sodium  carbonate,  may  be  separately  examined. 

Silicon. — The  silica  dissolved  by  potash  is  recovered  in  the  usual 
manner  by  evaporation  with  hydrochloric  acid ;  the  residue  is  digested 
with  acidulated  water,  collected  on  a  filter,  washed,  dried,  ignited  and 
weighed.  The  amount  of  silicon  in  the  iron  is  calculated  from  the  silica 
obtained.  After  weighing,  the  silica  may  be  examined  for  titanic  oxide, 
wliich  may  also  be  present  in  the  filtrate. 

Manganese. — ^The  hydrochloric  acid  solution,  separated  from  silica 
and  graphite,  may  be  divided  into  two  equal  portions,  one  of  which, 
representing  five  grammes  of  iron,  is  sufficient  for  the  estimation  of 
manganese.  The  iron  in  the  liquid  having  been  peroxidized  by  nitric 
acid,  the  solution  must  be  neutralized  by  addition  of  sodium  carbonate ; 
sodium  acetate  is  added,  and  the  liquid  boiled,  when  the  iron  will  be 
completely  separated  as  insoluble  basic  acetate.  The  filtrate  containing 
manganese  is  rendered  alkaline  by  ammonia,  and.  after  the  addition  of 
a  few  drops  of  bromine,  is  boiled  during  from  ten  to  fifteen  minutes. 
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Tlie  hydiated  oxide  of  manganese,  which  is  thus  separated  from  the 
liqtdd,  is  collected,  washed,  dried,  ignited,  and  weighed  as  Mn304,  which 
famishes,  hy  calculation,  the  quantity  of  manganese  present 

The  following  rapid  indirect  method  of  determining  manganese  is 
used  at  Gratz.  The  nitric  acid  solution  that  has  served  for  the  Eggertz 
carbon  determination  is  boiled  with  an  addition  of  peroxide  of  lead 
(PbOj)  and  filtered  through  asbestos,  which  gives  a  clear  rose-H^loured 
solution  from  the  formation  of  permanganic  acid,  the  amount  of  which 
may  be  determined  by  comparing  the  tint  with  that  of  a  permanganate 
solution  of  known  composition,  or  preferably  by  a  standardized  fer- 
rous salt.  Red-lead,  a  mixture  of  protoxide  and  peroxide  of  lead,  is 
generally  used  instead  of  pure  peroxide;  but  as  the  latter  is  the 
active  agent,  a  larger  quantity  is  necessary,  and  more  nitrate  of  lead 
is  produced. 

Phosphorus. — For  the  estimation  of  phosphorus  about  5  grammes 
of  the  borings  may  be  acted  upon  with  warm  nitro-hydrochloric  acid  in 
a  flask  with  a  long  neck,  and,  after  complete  solution  of  the  metal,  the 
contents  of  the  flask  are  transferred  to  a  porcelain  basin,  and  evaporated 
to  dryness;  the  residue  is  moistened  with  concentrated  hydrochloric 
acid  and  again  heated  to  expel  nitric  acid.  The  residue  is  dissolved  in 
bydrochloric  acid,  the  solution  diluted,  filtered,  nearly  neutralized  with 
carbonate  of  ammonium,  and  the  iron  in  solution  reduced  to  protoxide 
by  the  addition  of  sodium  sulphite  to  the  gently  heated  liquid  ;  the  sub- 
sequent addition  of  dilute  sulphuric  acid  expels  excess  of  sulphurous 
anhydride.  Sodium  acetate  and  a  few  drops  of  solution  of  ferric  chloride 
are  then  added,  and  the  liquid  boiled ;  the  phosphoric  acid  is  thus  pre- 
cipitated as  basic  ferric  phosphate  with  some  basic  acetate.  The  liquid 
is  rapidly  filtered  with  as  little  exposure  to  the  air  as  possible,  the 
precipitate  slightly  washed,  and  dissolved  in  hydrochloric  acid,  the  solu- 
tion neutralized  with  ammonium  carbonate,  and  a  mixture  of  ammonia 
and  ammonium  sulphide  added ;  it  is  then  gently  heated  to  insure  the 
conversion  of  the  phosphate  of  iron  intb  sulphide.  The  latter  is  after- 
wards removed  by  filtration,  washed  with  dilute  sulphide  of  am- 
monium, and  the  phosphoric  acid  precipitated  from  the  solution  in  the 
usual  manner  as  ammonio-magnesium  phosphate,  and  weighed  as  mag- 
nesium pyrophosphate,  from  the  weight  of  which  the  amount  of  phos- 
phorus is  calculated. 

When  the  amount  of  phosphorus  present  is  small,  the  following 
process  may  be  advantageously  employed  for  its  determination.  Dissolve 
ahout  5  grammes  of  the  metal  to  be  examined  in  nitro-hydrochloric  acid, 
and  evaporate  nearly  to  dryness ;  take  up  again  by  addition  of  a  few 
drops  of  nitric  acid,  dilute  with  water,  filter,  add  molyhdate  of  ammo- 
nium, and  allow  it  to  stand  twenty-four  hours  in  a  warm  place.  The 
yellow  precipitate  which  falls  is  separated  by  filtration,  washed  with  a 
weak  solution  of  ammonium  nitrate,  and  dissolved  in  dilute  ammonia 
slightly  warmed ;   the  phosphoric  acid  is  re-precipitated  by  addition  of 
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the  usual  magnesium  solution,  and  the  resulting  salt  ignited  and  weighed 
as  magnesium  pyrophosphate. 

Combined  Carbon. — ^In  order  to  determine  the  amount  of  comhined 
carhon,  5  grammes  of  the  metal  may  be  dissolved  in  an  acid  solution  of 
cupric  chloride,  or  preferably  in  a  neutral  solution  of  a  double  chloride  of 
copper  and  sodium,  or  of  copper  and  ammonium  ;  the  insoluble  residue 
which  remains  after  the  complete  action  of  this  solvent,  is  collected  and 
washed,  and,  when  dried,  submitted  to  combustion  with  cupric  oxide  in 
a  current  of  oxygen;  a  gas  combustion-furnace  is  most  conveniently 
employed  for  this  purpose.  The  total  amount  of  carbon  in  the  metal  is 
calculated  from  the  weight  of  carbonic  acid  (carbonic  anhydride)  absorbed 
by  solution  of  potash  in  the  usual  manner.  The  carbon  existing  in  a 
state  of  combination  will  be  represented  by  the  excess  afforded  by  this 
process  over  that  of  the  direct  estimation  of  carbon  in  the  form  of 
graphite,  as  already  described. 

Instead  of  operating  as  above  directed,  about  5  grammes  of  the  metal, 
in  small  pieces,  may  be  introduced  into  a  flask,  covered  with  water,  and 
iodine  added  The  mixture  is,  from  time  to  time,- shaken,  and  is  allowed 
to  stand  until  aU  the  free  iodine  has  been  taken  up ;  more  iodine  is  now 
added,  care  being  taken  to  prevent  heating;  for  every  part  of  iron 
operated  on  about  five  parts  of  iodine  are  required.  If  the  metal  has  been 
reduced  to  a  finely  divided  state,  the  operation  will  be  complete  when  the 
whole  has  been  dissolved.  When,  on  the  contrary,  the  iron  has  been  used 
in  the  form  of  chippings  of  considerable  size,  the  action  may  be  arrested 
as  soon  as  a  sufficient  weight  has  entered  into  solution.  In  this  case 
the  portions  remaining  undissolved  must  be  taken  out,  carefully  washed, 
dried,  and  re-weighed ;  the  second  weighing,  deducted  from  the  first,  will 
represent  the  weight  of  the  dissolved  metal 

The  solid  residue  is  separated  from  the  brown  solution  by  decantation, 
and  is  then  carefully  washed  by  the  same  means ;  the  final  washings  are 
filtered  through  a  tube,  of  which  the  end  is  drawn  out  and  closed  by  a 
plug  of  asbestos.  After  being  finally  washed  it  is  dried,  and  when  dry  the 
tube  with  its  contents,  together  with  the  remaining  portion  of  dry  solid 
residue,  is  introduced  into  a  porcelain  or  hard  glass  tube,  mixed  with 
cupric  oxide,  and  its  combustion  effected  by  a  current  of  oxygen.  The 
resulting  C0„  after  passing  through  a  tube  containing  calcium  chloride, 
is  absorbed  by  caustic  potash  and  weighed  in  the  usual  way.  From 
the  weight  of  COs  obtained,  the  amount  of  total  carbon  is  calculated 
From  this  must  be  deducted  the  amount  of  graphitic  carbon,  previously 
determined,  and  the  difference  will  represent  the  combined  carbon  present 
Bromine  may  be  employed  in  place  of  iodine,  but  the  results  obtained 
are  not  so  accurate,  being  generally  too  low. 

According  to  Sir  F.  Abel,^  when  steel  is  dissolved  by  digestion  in 
chromic  acid  mixed  with  sulphuric  acid  without  heating,  a  residue  is 
obtained  containing  iron  and  carbon,  whose  composition  is  represented 

1  '  Prooeedings  of  the  Institate  of  Mechanical  Engineen,*  1885,  p.  46. 
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approximately  by  the  formula  FejC  (Fe  93-3,  C  6*77  per  cent)  The 
proportion  of  this  substance  varies  with  the  state  of  the  metal,  which, 
if  soft  or  annealed,  yields  it  in  sufficient  quantity  to  account  practically 
for  the  whole  of  the  contained  carbon ;  while,  on  the  other  hand,  none 
is  obtained  from  hardened  steel,  the  carbon  being  then  entirely  combined. 
With  tempered  steels  the  amount  of  carbide  varies  with  the  heat  em- 
ployed in  tempering,  thus  at  a  straw  tint  30  per  cent.,  and  at  a  deep 
blue  42  per  cent,  of  the  total  carbon  present  were  obtained  iu  this  condi- 
tion. A  similar  substance  was  obtained  by  Miiller  from  spiegeleisen,  and 
described  under  the  name  of  amorphous  iron, 

MiKiTTB  Tracbs  of  Forbign  Metalb. — ^About  30  grammes  of  the 
iron  or  steel  should  be  employed  in  the  examination  for  metals  precipi- 
tated by  sulphuretted  hydrogen,  e.g.y  lead,  copper,  &c  The  metal  to  be 
examined  is  dissolved  in  hydrochloric  acid,  and  the  solution,  diluted, 
partly  neutralized  with  sodium  carbonate,  and  submitted  to  the  action 
of  sulphuretted  hydrogen.  After  saturation  with  the  gas  the  liquid  is 
allowed  to  stand  at  rest  for  several  hours,  and  the  small  quantity  of 
precipitate  which  subsides  is  examined  for  the  various  metals  by  ordinary 
analytical  processes. 

Chromium  and  vanadium  are  to  be  looked  for  in  the  carbonaceous 
residue  obtained  by  dissolving  a  considerable  quantity  of  the  iron  in  weak 
acids ;  aluminium,  calcium,  and  magnesium  may  be  estimated  in  the 
filtrate  by  the  usual  processes. 

Eqoertz's  Prooessbs. 

Determination  of  Carbon. — This  is  a  process  founded  on  the  use  of 
standard  solutions,  and  is  based  on  the  fact  that  when  iron  containing 
carbon  is  treated  with  nitric  acid  slightly  diluted  and  warm,  the  com- 
bined carbon  is  converted  into  a  dark  brown  colouring-matter,  while 
the  graphitic  portion  remains  unattacked. 

By  addition  of  water  the  solution  may  be  brought  to  the  colour  of  a 
standard  liquid,  obtained  by  dissolving  a  given  weight  of  a  steel  of  known 
composition,  and  the  proportion  of  carbon  in  the  metal  under  examination 
is  subsequently  determined  by  measuring  the  volume  of  its  solution. 

Pure  nitric  acid  diluted  to  a  density  of  1*20  is  employed,  and  the 
quantity  of  metal  operated  on  is  usually  O'lO  gramme.  The  steel,  in  the 
form  of  filings  which  have  been  previously  passed  through  a  metallic 
sieve,  of  which  the  meshes  are  less  than  0*004  inch  in  diameter,  is 
attacked,  in  a  test  tube  or  small  flask,  by  acid  of  the  density  above 
specified.  If  the  metal  contains  but  little  carbon,  from  1*5  to  2  ac.  of 
acid  will  be  sufficient  for  the  solution  of  0*10  gramme  of  filings,  but  if 
the  amount  of  carbon  be  large,  as  in  the  case  of  spiegeleisen,  from  4  to 
5  ac  will  be  required  By  the  aid  of  a  moderate  heat  solution  is 
almost  immediately  effected,  attended  by  effervescence,  and  black  flocks, 
iu  greater  or  less  abundance,  will  be  observed  floating  in  the  liquid. 
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In  order  to  obtain  uniform  results,  it  is  necessary  that  the  trials  should 
be  conducted  at  the  same  temperature  and  under  similar  conditions. 
To  this  end  the  tube  in  which  the  solution  is  being  prepared  is  placed  in 
a  water -bath  and  kept  constantly  at  a  temperature  of  about  80*  C 
The  black  flocks,  above  alluded  to,  are  seen  gradually  to  dissolve  with 
evolution  of  bubbles  of  gas,  and  the  liquid  becomes  proportionately  darker 
in  colour. 

At  the  expiration  of  three  hours  complete  solution  is  effected,  and  the 
tube  and  its  contents  are  rapidly  cooled  by  being  plunged  in  cold  water. 
The  liquid  is  then  poured  into  a  burette,  graduated  to  tenths  of  a  c.c 
Finally,  it  is  diluted  with  water  until  its  colour  exactly  corresponds  with 
that  of  the  standard  solution  obtained  by  dissolving  an  equal  weight  of 
steel  of  which  the  composition  has  been  previously  ascertained ;  this  solu- 
tion, for  comparison,  must  be  contained  in  a  tube  having  the  same  diameter, 
and  made  of  similar  glass  to  that  of  the  burette.  The  similarity  of  colour 
may  be  judged  by  comparing  the  two  by  transmitted  light,  holding  them 
between  the  eye  and  a  window,  or,  still  better,  by  placing  the  tubes  side 
by  side  before  a  sheet  of  white  paper  placed  opposite  the  light  After  a 
little  experience,  a  degfee  of  exactitude  will  be  obtained,  which  is  repre- 
sented in  volume  by  from  one  to  two-tenths  of  a  c.c  ;  this  will  indicate 
the  proportion  of  carbon  to  within  two-hundredths  of  1  per  cent.,  if  the 
standard  solution  be  prepared  by  making  it  up  to  as  many  c.c  as  the  type 
steel  contains  tenths  of  1  per  cent,  of  carbon.  As,  according  to  Tunner's 
scale,  the  proportion  of  carbon  varies  0*25  per  cent,  in  passing  from 
one  No.  of  hardness  to  another,  this  is  found  in  practice  a  sufficiently 
accurate  approximation. 

In  order  to  obviate  the  necessity  of  making  a  standard  solution  for 
every  set  of  determinations,  various  coloured  liquids  have,  at  different 
times,  been  employed,  with  a  view  of  establishing  a  permanent  scale. 
Caramel  or  burnt  sugar,  which  has,  ambng  other  substances,  been  employed 
for  this  purpose,  gives  various  shades  of  brown  and  yellow,  but  they  are 
by  no  means  stable ;  partially  decomposed  solution  of  indigo  in  sulphuric 
acid  is  said  to  retain  its  colour  for  a  considerable  tim&  Hetmann  recom- 
mends the  use  of  a  solution  containing  a  mixture  of  potassium  dichromate, 
and  nitrate  of  cobalt ;  but,  in  the  majority  of  cases,  direct  comparison  with 
a  standard  solution  of  a  given  weight  of  steel,  of  known  composition,  is  to 
be  preferred. 

The  following  determinations  of  carbon  in  various  kinds  of  Swedish 
iron  and  steel  are  by  Eggertz  : — 

Per  cent  of  Carbon. 
Softest  Swedish  Beuemer  irou  oontaiui  0*08 


Soft  steel 

075 

Best  quality  of  oast-steel 

1-40  to  1-60 

Natural  forge-steel 
Cement-steel 

0*99  „  2-44 

0  50  „  1-90 

Oast-steel 

0-86  „  1-94 

Hardest-melting  cast-steel 

1-80 

Malleable  cast-iron 

0  S8  „  1-52 

Draw-plate  steel    . 

330 
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This  process  cannot  be  employed  for  the  comparison  of  steels  obtained 
from  different  materials,  or  by  different  methods  of  treatment  In  con- 
firmation of  this,  Gruner  states  that  at  Nenberg  a  variety  of  coke  pig 
yielded  by  the  Bessemer  process  a  steel  corresponding  in  physical  pro- 
perties to  No.  3  of  Tunnei^s  scale,  while,  according  to  the  carbon  it  con- 
tained, it  was  only  No.  6.  This  was  a  good  ordinary  castnsteel,  very  hard 
and  difficult  to  weld,  and  by  analysis,  as  well  as  by  Eggertz's  method, 
afforded  only  0*3  per  cent,  of  carbon  ;  by  analysis,  however,  it  was  found 
to  contain  nearly  1  per  cent  of  silicon,  which,  to  a  certain  extent,  may 
replace  carbon  in  steel  as  well  as  in  cast-iron. 

Sulphur. — The  ordinary  methods  of  determining  the  amount  of 
sulphur  contained  in  iron  and  steel  not  only  necessitate  a  consider- 
able expenditure  of  time,  but  they  also  require  an  amount  of  analy- 
tical skill  not  always  at  command  in  establishments  of  limited  extent 
Xggertt  has,  therefore,  sought  a  more  rapid  process,  by  which,  without 
any  pretence  to  great  accuracy,  an  approximate  estimation  may  be  made 
of  the  amount  of  sulphur  present  in  pig-iron,  wrought-iron,  and  steeL 
The  basis  of  this  process  is  the  more  or  less  darkened  shade  acquired 
by  a  silver  plate  exposed  to  the  action  of  the  sulphuretted  hydrogen 
evolved  from  an  attack  of  a  given  weight  of  the  metal  under  examination. 

One  gramme  of  distilled  water  and  0*5  gramme  of  strong  sulphuric 
acid  are  poured  into  a  stoppered  bottle  about  0*025  m.  in  diameter  and 
0*15  m.  in  height ;  into  this,  in  the  state  of  a  finely  divided  powder,  is 
introduced  0*10  gramme  of  the  metal  to  be  examined,  and  a  piece  of  thin 
silver  plate  is  immediately  hung  in  the  upper  part  of  the  flask,  by 
a  fine  platinum  wire  retained  between  the  neck  of  the  flask  and  its  glass 
stopper.  At  ordinary  temperatures  the  metal  will  be  completely  dissolved 
in  about  fifteen  minutes,  and  the  silver  plate  may  then  be  removed  for 
examination.  After  numerous  experiments,  Eggertz  has  arranged  a  scale 
of  colours  corresponding  to  the  varying  amounts  of  sulphur  present,  esti- 
mated as  hundredths  of  1  per  cent.  This  method  of  estimating  small 
quantities  of  sulphur  may  be  conveniently  used  for  the  determination  of 
quantities  of  less  than  O'lO  per  cent,  and  is  applicable  to  pig-irons  of  high 
quality,  such  as  those  produced  in  Sweden ;  it  is  not,  however,  to  be  recom- 
mended for  iron  obtained  with  mineral  fuel  from  the  ordinary  ores  of  this 
country. 

Silicon, — The  accuracy  of  determinations  of  silicon  in  iron  and  steel 
is  not  unfrequently  impaired  by  the  presence  of  a  notable  amount  of 
intermingled  slag,  which,  being  a  mere  mechanical  impurity,  has  no 
relation  whatever  with  the  chemical  composition  of  the  metal.  In  order 
to  obviate  this  difficulty  Eggertz  has  devised  a  method  of  estimating 
sUicon  in  the  presence  of  slags,  which  is  based  upon  the  fact  that  when 
iron  is  acted  on  by  bromine  or  iodine  it  dissolves,  and  the  silicon  which 
is  liberated  is  transformed  into  a  form  of  silica  completely  soluble  in  a 
boiling  solution  of  sodium  carbonate,  while  that  in  combination  as  slag, 
should  any  be  present^  is  not  thus  acted  upon. 
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About  3  grammes  of  metal  in  the  form  of  finely  divided  filings,  pre- 
viously sifted  through  a  sieve  of  the  degree  of  fineness  specified  when 
describing  the  determination  of  caibon,  are  treated  with  five  times  their 
weight  of  iodine  in  15  c.c.  of  water,  contained  in  a  beaker  of  six  or  seven 
times  that  capacity.  The  water  used  should  have  been  previously  boiled, 
for  the  purpose  of  freeing  it  from  air,  and,  as  the  operation  should  be 
conducted  at  a  low  temperature,  the  beaker  must  be  kept  cool,  either  by 
ice  or  by  a  current  of  cold  water.  As  soon  as  the  complete  solution  of 
the  iron  has  been  effected,  the  liquid  is  diluted  to  three  times  its  original 
volume  by  a  further  addition  of  cold  water,  and,  after  being  well  stirred, 
is  allowed  to  settle.  The  lighter  portion  of  the  graphitic  carbon  remains 
in  suspension,  and  is,  with  the  greater  bulk  of  the  solution,  poured  upon 
a  wetted  filter  in  a  small  glass  funnel  To  the  heavy  insoluble  residue, 
which  is  retained  in  the  beaker,  a  few  drops  of  hydrochloric  acid  are 
added,  and  the  whole  is  well  stirred  with  a  glass  rod.  If  this  should  be 
followed  by  a  disengagement  of  gas,  it  is  proof  that  the  whole  of  the 
metal  has  not  been  dissolved,  and  after  the  addition  of  a  little  sodium 
carbonate,  to  neutralize  free  acid,  more  iodine  is  introduced  and  complete 
solution  effected.  The  whole  of  the  residue  is  now  transferred  to  the 
filter,  and  washed  with  distilled  water  until  the  addition  of  potassium 
ferrocyanide  ceases  to  indicate  the  presence  of  iron.  The  filtrate  is  eva- 
porated to  dryness  with  addition  of  hydrochloric  acid,  for  the  purpose 
of  recovering  any  traces  of  silica  it  may  contain,  and  the  original  insoluble 
residue,  which  may  contain  graphite,  silica,  and  unattacked  slag,  is  trans- 
ferred, without  drying,  to  a  large  platinum  dish,  where  it  is  treated  with 
a  saturated  solution  of  sodium  carbonate.  After  being  heated  for  about 
one  hour  in  a  water^bath,  during  which  time  it  is  occasionally  stirred  with 
a  platinum  spatula,  the  alkaline  silicate  is  carefully  decanted  from  the 
insoluble  residue  upon  a  filter.  A  fresh  quantity  of  sodium  carbonate 
solution  is  now  added,  and,  after  heating  during  another  hour  in  the 
water^bath,  the  whole  is  thrown  upon  a  filter  and  carefully  washed. 
The  alkaline  solution  is  now  evaporated  to  dryness  with  the  addition  of 
hydrochloric  acid,  and  to  the  dried  residue  hydrochloric  acid  is  first 
added,  and  afterwards  water.  After  boiling,  the  silica  is  separated  by 
filtration,  dried,  ignited,  and  weighed.  To  the  weight  thus  obtained  is 
added  that  of  the  silica  resulting  from  the  evaporation  of  the  iro^  solu- 
tions, and  from  the  total  is  calculated  the  percentage  amount  of  silicon 
present  in  the  metal ;  the  insoluble  residue  may  contain  graphite,  slag^ 
and  titanic  oxide. 

By  this  process  Eggertz  has  found  that  the  amount  of  silicon  in  good 
baiviron  may  vary  from  O'Ol  to  0*10  per  cent. ;  Krupp's  steel  afforded 
0*03  per  cent,  while  ordinary  cast-steel,  of  good  quality,  contains  traces 
only.  Iron  from  a  charcoal  hearth,  destined  for  the  manufacture  of  wire, 
contained  0*33  per  cent,  of  slag,  while  in  armour-plates  it  amounts  to 
from  0*75  to  3  00,  and  in  rails  sometimes  to  as  much  as  500  per  cent 
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COBALT. 

Cobalt  is  a  metal  of  a  steel-grey  colour,  and  is  susceptible  of  re- 
ceiving a  high  polish.  Excepting  traces  which  occur  in  meteoric  iron, 
cobalt  is  not  found  iu  the  metallic  state.  It  is  reduced  from  its  oxides 
by  ignition  with  charcoal  more  easily  than  iron,  and  than  are  some  of 
the  more  difficultly  fusible  metals;  but  when  thus  obtained  it  always 
contains  carbon. 

Cobalt  in  its  purest  state  is  obtained  by  the  ignition  of  its  oxalate. 
If  either  oxalate  of  cobalt,  or  a  mixture  of  oxide  of  cobalt  with  charcoal, 
be  strongly  heated  in  a  wind-furnace,  with  a  little  powdered  glass,  free 
from  lead  and  from  other  reducible  metals,  a  button  of  fused  metallic 
cobalt  will  be  obtained.  Cobalt  may  also  be  reduced  from  its  oxides  by 
hydrogen ;  but  unless  the  heat  applied  be  considerable,  the  reduced  metal 
is  pyrophoric,  taking  fire  in  contact  with  air,  and  giving  rise  to  the  pro- 
duction  of  C03O4.  The  spongy  cobalt,  obtained  by  ignition  of  its  oxalate, 
after  being  allowed  to  cool  in  a  closed  vessel,  may  be  collected  in  the 
form  of  a  solid  button  by  exposure  to  a  high  temperature  in  a  lime 
crucible. 

Cobalt  is  attracted  by  the  magnet^  and  is  capable  of  receiving  a  slight 
magnetic  power  when  rubbed  with  a  magnet ;  according  to  Pouillet,  this 
power  is  not  destroyed  by  the  strongest  red  heat  Its  specific  gravity 
is  from  8*54  to  8*70.  It  is  not  altered  by  the  action  of  air  and  water  at 
ordinary  temperatures,  but  when  very  strongly  heated  takes  fire,  and  is 
converted  into  the  three-quarter  oxide.  It  decomposes  aqueous  vapour  at  a 
red  heat,  and  is  dissolved  by  hydracids.  By  dilute  oxygen  acids  it  is,  by 
the  aid  of  heat,  slowly  dissolved  with  evolution  of  hydrogen  gas.  This 
metal  unites  by  fusion  with  antimony  and  arsenic,  the  combination  being 
attended  by  incandescence ;  the  resulting  aUoys  are  brittle,  and  have  an 
iron-grey  colour.  Metallic  cobalt  has  a  greater  tenacity  than  iron,  but  is 
not  employed  in  the  arts. 

Cobalt  Ores. 

The  principal  ores  of  this  metal  are  the  following : — 
SmdUiney  CoAs,. — Occurs  in  octahedra,  cubes,  and  dodecahedra,  more 
or  less  modified  Colour,  tin- white,  inclining  to  steel-grey;  fracture, 
granular  and  uneven;  specific  gravity,  6*4  to  7*2.  This  ore  essentially 
consists  of  cobalt  and  arsenic,  and  is  found  in  veins  associated  with  silver 
and  copper.  Occurs  in  Cornwall ;  in  Bohemia ;  at  Freiberg,  and,  more 
abundantly,  at  Schneeberg  in  Saxony. 

Cohcit  Glance^  CoAsS. — Lustre,  metallic;  colour,  silver- white,  in- 
clined to  red ;  streak,  greyish-black.  Occurs  at  Tunaberg,  Biddarhyttan, 
and  H&kansbo,  in  Sweden,  in  large,  well-defined  crystals ;  also  at  Skut- 
temd,  in  Norway.  It  is  likewise  met  with  at  Querbetch  in  Silesia,  Siegen 
in  Westftedja,  and  at.Botallack  in  Comwsm     The  most  productive  mines 
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are  those  of  Yeua  in  Sweden,  which  were  first  opened  in  1809.  This 
ore  of  cobalt  is  also  found  in  California,  4c. 

Cobalt  Bloom. — Occurs  in  thin  oblique  crystals,  having  a  well-defined 
cleavage  and  foliaceous  structure.  It  is  also  found  as  an  incrustation  on 
other  minerals,  and  in  compact  reniform  masses.  Its  colour  is  a  pinkish- 
purple,  resembling  that  of  peach-blossom.  Wben  scratched  it  affords  a 
greenish  streak.  This  mineral  is  generally  associated  with  silver  and 
lead,  and  with  other  ores  of  cobalt,  and  is  abundantly  found  at  Schneebeig 
in  Saxony,  Saalfeld  in  Thuringia,  and  Biechelsdorf  in  Hesse  CasseL  It 
is  also  found  in  England,  in  the  counties  of  Cornwall  and  Cumberland, 
but  does  not  occur  in  this  country  in  sufficient  abundance  to  render  its 
extraction  of  commercial  importance.  Its  percentage  composition,  accord- 
ing to  Bucholz,  is  39  of  oxide  of  cobalt,  37  arsenic  anhydride,  and  22  of 
water:  formula  Co,As308.8H20.  When  heated  it  gives  off  arsenical 
fumes,  and,  fused  with  borax,  affords  a  bead  of  a  fine  blue  colour. 

Mispickel  sometimes  contains  from  5  to  10  per  cent  of  cobalt 

Estimation  of  Cobalt  and  Nickel. 

The  ores  of  cobalt  and  nickel  are  usually  very  complex  in  composi- 
tion; they  are,  however,  almost  invariably  found  together,  and  conse- 
quently the  methods  employed  for  their  estimation  and  separation  from 
one  another,  as  well  as  from  the  various  metals  with  which  they  are 
generally  associated,  will  be  described  as  one  series  of  operation& 

The  ore  is  finely  crushed,  and,  according  to  its  richness,  from  4  to  7 
grammes  may  be  taken  for  analysis.  If  the  mineral  contains  much  sulphur 
or  arsenic,  it  is  first  roasted  in  a  porcelain  crucible  in  a  muffle,  in  order 
to  dispel  the  greater  portion  of  these  substances.  The  residue  is  then 
well  boiled  with  hydrochloric  acid,  to  which  a  little  nitric  acid  has  been 
added,  until  the  metallic  oxides  are  completely  dissolved.  The  solution 
is  slightly  diluted  with  water,  nearly  neutralized  with  ammonia,  more 
water  added,  and  then  boiled  with  an  excess  of  acetate  of  sodium,  by 
which  iron  and  aluminium  are  separated  in  the  form  of  basic  acetates ; 
the  precipitate  thus  obtained  will  also  contain  arsenic.  It  is  best  to  re- 
dissolve  this  precipitate,  after  washing,  in  hydrochloric  acid,  and,  after 
neutralizing  part  of  the  free  acid  with  ammonia,  to  precipitate  a  second 
time  by  acetate  of  sodium  and  boiling,  as  a  small  quantity  of  cobalt  and 
nickel  is  generally  carried  down  in  the  first  precipitate  of  basic  acetates. 
The  two  acetate  solutions  are  now  mixed  and  carefully  neutralized  with 
ammonia.  They  contain  all  the  cobalt  and  nickel,  and  possibly  some 
manganese,  zinc,  copper,  bismuth,  and  lead.  On  passing  sulphuretted 
hydrogen  through  the  solution,  cobalt,  nickel,  zinc,  copper,  bismuth,  and 
lead  are  thrown  down  as  sulphides,  leaving  the  manganese  in  solution 
along  with  any  earthy  oxides  present  in  the  ore.  These  sulphides  are 
collected  on  a  filter,  washed,  dried,  and  roasted,  dissolved  in  hydrochloric 
acid,  and  the  copper,  bismuth,  and  lead  removed  by  passing  a  stream  of 
sulphuretted  hydrogen  through  the  acid  solution.     The  filtrate  is  now 
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evaporated  nearly  to  dryness,  the  salts  taken  up  with  water,  a  little  acetate 
of  sodium  and  a  few  drops  of  ammonia  added,  and  then  freely  acidified 
with  acetic  acid.  On  passing  sulphuretted  hydrogen  through  this  acetic 
acid  solution  the  zinc  is  thrown  down  hy  itself  as  zinc  sulphide.  The 
filtrate  from  the  sulphide  of  zinc  contains  the  whole  of  the  cohalt  and 
nickel,  which  are  finally  precipitated  as  sulphides  hy  making  it  alkaline 
with  ammonia  and  again  passing  sulphuretted  hydrogen.  The  sulphides 
of  cobalt  and  nickel  are  thrown  on  a  filter,  washed,  dried,  thoroughly 
roasted,  and  weighed.  After  roasting,  the  nickel  exists  as  NiO,  the  cobalt 
as  Co^O*.  These  oxides  may  be  reduced  at  a  full  red  heat  by  means  of 
hydrogen  gas,  and  the  nickel  and  cobalt  weighed  as  metals. 

It  now  only  remains  to  separate  the  cobalt  from  the  nickel.  The  oxides 
or  the  metals  are  dissolved  in  hydrochloric  acid  and  the  excess  of  acid 
driven  oif  by  evaporation.  The  chlorides  are  dissolved  in  water  and  the 
solution  poured  into  a  flask,  with  the  addition  of  an  excess  of  freshly 
precipitated  barium  carbonate,  together  with  a  few  drops  of  bromine. 
The  flask  is  loosely  corked  and  the  fluid  allowed  to  stand  six  or  eight  hours, 
with  frequent  agitation.  The  cobalt  is  precipitated  as  peroxide,  while 
the  nickel  remains  in  solution.  The  precipitated  cobaltic  oxide  and 
the  excess  of  carbonate  of  barium  are  well  washed  and  dissolved  in 
hydrochloric  acid,  and,  after  separating  the  barium  by  sulphuric  acid, 
the  cobalt  is  precipitated  by  potash.  After  washing,  drying,  and  igniting, 
it  is  either  weighed  as  C0SO4,  or  reduced  to  the  metallic  state  by  hydrogen. 
The  filtrate  from  the  cobalt,  containing  the  nickel,  is  of  a  pure  green  colour. 
After  removing  the  baryta  by  sulphuric  acid,  the  oxide  of  nickel  is 
thrown  down  by  potash  and  weighed.  From  the  weight  of  the  oxide  of 
nickel  thus  obtained,  the  percentage  of  this  metal  present  is  calculated. 
The  yield  of  cobalt  is  usually  returned  as  €0,04. 

PREPARATIONS  OF  COBALT. 

Two  compounds  of  cobalt  are  extensively  employed  in  the  arts, 
namely,  oxide  of  cobalt  and  smalt. 

Oxide  of  Cohalt. — In  the  preparation  of  cobalt  oxide  (C05O4)  on  a  large 
scale,  8pet88y  resulting  from  the  fusion  of  arsenical  ores  of  cobalt,  is  first 
subjected  to  calcination.  The  roasted  speiss  is  subsequently  dissolved 
in  strong  hydrochloric  acid,  and  iron,  arsenic,  <&c.,  precipitated  by  the 
gradual  addition  of  milk  of  lime.  When  the  precipitate  thus  obtained 
has  subsided,  the  clear  supernatant  liquors  are  drawn  off  into  vats,  in 
which  sulphuretted  hydrogen  is  passed  through  them  as  long  as  metallic 
sulphides  are  produced.  As  soon  as  these  have  completely  settled,  the 
clear  liquid  is  again  drawn  off,  and  oxide  of  cobalt  precipitated  by  the 
addition  of  bleaching-powder ;  the  hydrate,  thus  obtained,  is  heated  to 
redness.  Oxide  of  cobalt,  which  is  largely  made  in  Bumingham  by  the 
nickel-refiners,  is  employed  in  the  Potteries  and  by  glass-makers,  enamel- 
lers,  and  others,  who  use  it,  either  alone  or  in  conjunction  with  various 
fluxes,  for  imparting  a  blue  colour  to  their  wares. 
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SmaU, — The  preparation  of  smalt,  which  is  a  double  silicate  of  cobalt 
and  potassium,  was  invented  in  Saxony  about  the  year  1550,  and  is  per- 
haps the  only  process  in  connection  with  the  ores  of  cobalt  which  can  be 
strictly  regarded  as  a  metallurgical  operation.  Smalt  is  applicable  to  all 
purposes  for  which  a  cheap  durable  blue  is  required  as  a  surface-colour. 
A  pigment  of  this  kind  is  attackable  only  by  agents  capable  of  decom- 
posing glass ;  and  smalt  is,  consequently,  more  permanent  than  the 
majority  of  colours. 

The  ore  destined  for  the  manufacture  of  smalt  is  first  roasted  in  a 
reverberatory  furnace  having  in  communication  with  it  chambers  for  con- 
densing the  arsenical  fumes  which  are  evolved.  After  having  been  suit- 
ably roasted  in  this  furnace,  the  ore  is  mixed  with  pure  siliceous  sand 
and  potassium  carbonate.  Zaffres  are  ores  of  cobalt,  which  contain  a 
sufficient  amount  of  silica  to  form  a  blue  glass  with  the  addition  of  ca^ 
bonate  of  potassium  only.  The  fusion  of  the  mixture  is  effected  in  large 
earthen  pots  arranged  in  a  furnace  similar  to  that  employed  in  the  manu- 
facture of  plate-glass.  From  the  great  fusibility  of  the  ingredients,  the 
whole  will  have  become  completely  melted  at  the  expiration  of  eight 
hours,  and  during  this  time  the  mass  is  often  stirred  until  the  glass 
appears  homogeneous,  and  a  speiss  containing  a  little  cobalt  and  a  con- 
siderable amount  of  nickel,  together  with  arsenic,  iron,  &c.,  has  sunk  to 
the  bottouL  The  smalt  is  now  ladled  out  from  the  pots  with  a  large  iron 
ladle,  and  thrown  into  a  reservoir  through  which  a  current  of  water 
constantly  flows;  by  this  treatment  it  becomes  split  into  minute  frag- 
ments, and  its  subsequent  pulverization  consequently  much  facilitated. 
When  the  pots  have  been  nearly  emptied,  each  ladleful  withdrawn  will 
consist  of  a  mixture  of  speiss  and  smalt  The  former,  being  completely 
liquid,  readily  separates  from  the  more  viscous  glass  which  adheres  to  the 
ladle,  whilst  the  metalliferous  speiss  is  run  into  cast-iron  moulds.  These, 
during  the  time  they  remain  hot,  give  off  dense  arsenical  vapours,  and 
are  therefore  placed  in  niches  in  the  brickwork  of  the  furnace,  so  as  to 
be  in  direct  communication  with  the  chimney. 

The  deeply  coloured  blue  glass,  after  being  removed  from  the  vats 
into  which  it  has  been  thrown,  is  ground  with  water  to  the  state  of  an 
impalpable  pulp  between  granite  millstones. 

The  blue  pulp  thus  obtained  is  passed,  in  suspension  in  water,  through 
a  series  of  wooden  vats,  in  which  the  coarser  particles  are  first  deposited, 
and  where  the  powder  which  gradually  settles  is  classified  in  accordance 
with  its  order  of  deposition.  From  these  vats  the  pasty  smalt,  after 
being  allowed  to  drain,  is  removed  to  drying-kilns,  and  is  finally  sifted 
through  fine  metallic  sieves  to  remove  any  accidental  lumps,  and  packed 
for  the  market. 

Cobalt  BluCj  or  TJiSnarcPs  Blue,  is  prepared  by  precipitating  a  solution 
of  nitrate  of  cobalt  by  phosphate  of  potassium,  and  adding  to  the  result- 
ing gelatinous  deposit  from  three  to  four  times  its  volume  of  freshly 
deposited  alumina,  obtained  by  the  addition  of  carbonate  of  sodium  to 
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a  solution  of  common  alum.  This  mixture,  after  being  well  dried  and 
calcined,  affords,  when  properly  ground,  a  beautiful  blue  pigment. 

PrtTiieni^  Blue  is  the  colour  used  for  printing  the  ordinary  blue 
patterns  on  china.  It  is  mixed  with  oil,  printed  on  paper,  and  transferred 
to  the  biscuit- ware ;  the  colour  is  developed  during  the  process  of  glazing. 
This  colour  is  prepared  by  fritting  silicate  of  cobalt  with  nitre,  and  adding 
a  little  basic  sulphate. 

Rinman's  Oreen  is  a  permanent  green  pigment  prepared  by  precipi- 
tating a  mixture  of  the  sulphates  of  zinc  and  cobalt  with  carbonate  of 
sodium,  and  igniting  the  precipitate  after  careful  washing.  It  may  be 
also  made  by  mixing  a  solution  of  nitrate  of  cobalt  with  either  nitrate  or 
oxide  of  zinc,  and  subsequently  evaporating  and  igniting. 


NICKEL. 

This  metal  is  closely  allied  to  iron  and  cobalt,  being  associated  with 
them,  not  only  in  meteorites,  but  also  in  the  minority  of  its  ores.  Nickel 
is  a  silver-white  metal,  ductile  and  malleable,  and  but  slightly  more 
fusible  than  iron,  which,  according  to  Deville,  it  surpasses  in  tenacity. 
Nickel  containing  small  quantities  of  carbon  is  more  fusible  than  the 
pure  metal.  Its  specific  gravity  is  8*50,  but  this  may  be  increased  by 
forging  to  8*67.  Nickel,  previously  heated,  burns  in  oxygen  gas  like 
iron  ;  the  pulverulent  metal  obtained  by  the  reduction  of  oxide  of  nickel 
by  hydrogen  at  a  low  red  heat  is  pyrophoric.  When  oxide  of  nickel  is 
strongly  heated  with  charcoal  in  a  wind-furnace  it  becomes  reduced  to 
the  metallic  state,  and,  by  combining  with  a  portion  of  the  carbon 
present^  gives  rise  to  the  formation  of  a  fusible  carbide,  which  collects 
in  the  form  of  a  button  at  the  bottom  of  the  crucible  in  which  the 
fusion  has  been  conducted.  When  treated  either  with  hydrochloric  or 
weak  sulphuric  acid,  this  metal  dissolves  with  the  evolution  of  hydrogen  ; 
it  also  dissolves  readily  in  nitric  or  in  nitro-hydrochloric  acid. 

Pure  nickel  is  of  a  silvery  white  colour,  and  is  both  ductile  and 
malleable ;  it  is  attracted  by  the  magnet  at  ordinary  temperatures,  and  is 
capable  of  becoming  permanently  magnetic,  but  loses  these  properties  at 
250''  C.  Nickel  unites  with  other  metals,  forming  alloys,  of  which  the 
most  important  is  that  with  copper  and  zinc,  known  as  German  silver. 
This  is  composed  of  a  mixture  varying  from  13  to  31  per  cent,  of  zinc, 
with  from  40  to  66  per  cent,  of  copper,  and  12  to  31  per  cent  of  nickel, 
according  to  the  purposes  for  which  it  may  be  required.  Nickel  is  also 
much  employed  for  coating  other  metals  with  a  brilliant  silver-white 
covering.  A  bath  much  used  for  the  electro-deposit  of  this  metal  is 
prepared  by  dissolving  4  parts  of  nickel  sulphate  in  4  parts  of  aqueous 
ammonia  and  150  parts  of  water,  holding  in  solution  50  parts  of  acid 
sodium  sulphite.  The  deposition  of  metal  is  effected  by  a  very  feeble 
currents 
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Nickel  Ores* 

The  ores  of  nickel,  with  but  few  exceptions,  have  a  pale  colour  and 
metallic  lustre.  In  some  respects  they  resemble  those  of  cobalt,  but  are 
readily  distinguished  from  them  by  not  communicating  a  blue  colour  to 
borax  when  fused  before  the  blowpipe.  Specimens  of  native  nickel  are 
said  to  have  been  obtained  from  the  Erzgebirge,  but  it  is  not  found  in 
sufficient  quantities  to  be  of  commercial  value. 

Copper-Nickel;  Kupfemickel.  Hexagonal — This  ifi  a  mineral  of  a 
pale  copper-colour,  affording  a  brownish-red  streak.  It  occurs  massive, 
and  has  a  metallic  lustre.  It  is  extremely  brittle,  and  has  a  specific  gravity 
varying  from  7 '3  to  7 '5.  This  ore  is  essentially  composed  of  44  parts  of 
nickel  and  56  of  arsenic  ;  formula,  NiAs.  When  heated  before  the  blow- 
pipe it  gives  off  alliaceous  fumes,  and  subsequently  fuses  into  a  pale-green 
globule,  which  darkens  on  exposure  to  the  oxidizing  flame.  Copper- 
nickel  is  generally  found  associated  with  the  ores  of  copper,  silver,  and 
cobalt,  and  is  principally  obtained  from  the  mines  of  Saxony;  small 
quantities  have,  however,  been  raised  in  this  country,  particularly  at  Pen- 
gelly,  Fowey  Consols,  and  St.  Austell  Consols  in  Cornwall,  and  at  the 
Bathgate  silver  mine  in  Scotland. 

Gamierite  and  Noumeite. — The  minerals  bearing  these  names  are 
indefinite  hydrated  silicates  of  mt^esium  containing  oxide  of  nickel, 
which  have  of  late  years  been  found  in  large  quantities  in  New  Caledonia. 
In  some  cases  noumeite  contains  above  32  per  cent,  nickel  oxide. 

Among  the  other  ores  of  nickel  may  be  mentioned  the  following : — 

RamrneUhergite,  Rhombic. — Formula  NiAs  and  Ni»As^  an  arsenical 
ore,  found  at  Reichelsdorf  in  Hesse  Cassel,  and  at  Schneeberg  in  Saxony. 
It  contains  from  20  to  30  per  cent,  of  nickel 

Geradorffitey  formula  Ni(SAs)»  another  arsenical  ore,  containing  sul- 
phur, occurring  both  massive  and  in  cubical  crystals.  This  mineral,  which 
is  of  a  steel-grey  colour,  is  found  in  Sweden,  in  the  Harz,  and  at  Schlad- 
ming,  Austria.  It  contains  from  20  to  38  per  cent  of  nickel,  and  has  a 
specific  gravity  of  about  6  '7. 

Antimonial  Nickel,  formula  NiSb,  containing  about  32  per  cent  of 
nickel  and  no  sulphur;  a  portion  of  the  nickel  is  usually  replaced  by  iron. 
It  is  a  pale  copper-coloured  mineral  from  Andreasberg. 

MUlerite  is  a  brass-yellow  sulphide  of  nickel,  occurring  in  delicate 
capillary  forms.  It  is  found  in  small  quantities  in  Bohemia,  Sax(my, 
Cornwall,  South  Wales,  &c  ;  contains  64  per  cent  of  nickel,  and  has  a 
density  of  5'3  ;  formula  NiS. 

Penilandite,  a  double  sulphide  of  iron  and  nickel,  of  a  bronse-yellow 
colour,  containing  from  18  to  21  per  cent  of  nickel,  is  obtained  from 
Southern  Norway.  A  somewhat  similar  mineral,  containing  from  10  to 
12  per  cent  of  nickel,  has  been  discovered  in  the  neighbourhood  of  In- 
veraray in  Scotland,  and  is  also  noticed  by  Mr.  King  as  occurring  at  La 
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Motte,  Missouri,  United  States.  Another  sulphide  of  nickel  containing 
bismuth  has  been  found  in  some  of  the  Gennan  mines,  which  have  also 
produced  specimens  of  arsenate  of  nickel  of  a  beautiful  apple-green  colour. 
Emerald  Nickel,  or  Hydratsd  Carbonate  of  Nickel,  usually  occurs  as 
an  incrustation  on  other  minerab.  It  is  nearly  transparent^  of  a  bright 
emerald-green  colour,  and  has  a  vitreous  lustre.  Another  ore  of  nickel,  of 
a  brown  or  nearly  black  colour,  and  containing  variable  quantities  of 
sulphur,  is  found  in  connection  with  ores  of  cobalt  at  La  Motta. 

METALLURGY  OF  NICKEL. 

The  nickel  of  commerce  is  chiefly  obtained  from  gamierite,  from 
copper-nickel,  from  pyrites  containing  nickel,  and  from  speiss  or  matte 
obtained  as  a  secondary  product  during  the  treatment  of  nickeliferous 
ores.  Differont  processes  are  employed  for  the  preparation  of  metallic 
nickel,  but  the  details  of  the  various  operations  in  use  in  this  country  are 
kept  secret  by  the  manufacturers. 

Berthier  dissolves  either  roasted  speiss  or  roasted  Kupfernickel, 
together  with  the  quantity  of  iron  found  by  previous  experiment  to  be 
necessary  for  the  removal  of  arsenic,  in  boiling  nitro-hydrochloric  acid, 
containing  an  excess  of  nitric  acid,  and  evaporates  to  dryness.  The 
residue  is  treated  with  water,  which  leaves  a  large  quantity  of  undis- 
solved ferric  arsenate,  and  carbonate  of  sodium  is  added  to  the  filtrate, 
which  is  kept  constantly  stirred  imtil  the  precipitate  begins  to  exhibit 
a  green  tint ;  by  this  means  the  remainder  of  the  ferric  arsenate  will 
be  thrown  down,  together  with  a  portion  of  the  cupric  oxide.  Should 
the  precipitate,  which  is  white  when  first  deposited,  not  eventually  be- 
come brown,  it  is  an  indication  that  the  amount  of  ferric  oxide  present 
is  not  sufficient  to  effect  the  complete  removal  of  the  arsenic  acid; 
ferric  chloride  must  consequently  be  added,  and  the  ferric  oxide  pre- 
cipitated by  the  cautious  addition  of  sodium  carbonate.  The  filtrate 
is  treated  with  sulphuretted  hydrogen,  and  the  clear  liquid,  separated 
from  sulphide  of  copper,  &c.,  is  boiled  with  excess  of  sodium  carbonate. 
The  precipitate,  consisting  of  a  mixture  of  the  carbonates  of  cobalt  and 
nickel,  is,  after  being  thoroughly  washed,  diffused  in  water,  and  a  cur- 
rent of  chlorine  passed  through  it  as  long  as  this  gas  continues  to  be 
absorbed.  After  exposure  to  the  air  for  the  purpose  of  allowing  the 
escape  of  any  excess  of  chlorine,  the  liquor  is  filtered,  and  from  the 
filtrate  so  obtained  oxide  of  nickel,  free  from  oxide  of  cobalt,  may  be 
precipitated  by  an  alkali 

Cloez  (Jahresb.  1857,  p.  619)  dissolves  finely  pulverized  and  perfectly 
roasted  Kupfemickel  in  strong  hydrochloric  acid,  and  adds  an  excess  of 
acid  sulphite  of  sodium.  The  mixture  is  afterwards  vigorously  boiled 
until  the  whole  of  the  arsenic  acid  has  been  reduced  to  arsenious  acid ;  the 
excess  of  SO,  is  driven  off;  sulphuretted  hydrogen  is  subsequently  passed 
through  the  lukewarm  solution  in  order  to  precipitate  arsenic,  copper,  anti- 
mony, lead,  bismuth,  &c.,  and  the  mixture  is  allowed  to  stand  for  twelve 
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hours.  The  whole  is  now  thrown  upon  a  filter,  and  the  filtrate  evaporated 
to  expel  excess  of  acid  ;  water  is  finally  added  and  iron  and  cobalt  preci- 
pitated, after  oxidation  with  chlorine,  by  addition  of  carbonate  of  barium 
or  carbonate  of  calcium.  The  dissolved  baryta^  or  lime,  is  removed  by 
sulphuric  acid,  and  separated  by  filtration  ;  carbonate  of  sodium  added  to 
the  filtrate  yields  a  precipitate  of  pure  carbonate  of  nickel,  which  is  sub- 
sequently ignited  and  reduced.  Solutions  of  speiss  in  nitro-hydrochloric 
acid  may  be  treated  in  the  same  way  after  first  expelling  the  nitric  acid 
by  boiling  with  excess  of  hydrochloric  acid. 

The  principal  nickel-works  in  this  country  are  situated  in  the  neigh- 
bourhood of  Birmingham,  the  details  of  the  various  operations  being,  as 
before  stated,  as  far  as  practicable,  kept  secret  The  general  routine 
practised  in  these  establishments  is,  however,  understood  to  be  nearly  as 
follows: — The  ore,  or  speiss,  or  a  mixture  of  the  two,  is  first  melted  in  a 
reverberatory  furnace,  with  addition  of  lime  and  fluor-spar  as  flux ;  the 
slags  thrown  away,  the  resulting  matte,  or  speiss,  finely  ground,  and  sub- 
sequently roasted  until  arsenious  fumes  cease  to  be  evolved. 

The  roasted  product  is  now  treated  with  hot  hydrochloric  acid,  in 
which  it  becomes  almost  completely  dissolved,  the  solution  is  diluted 
with  water,  the  whole  of  the  iron  peroxidized,  and  the  iron  and  arsenic 
precipitated  by  neutralizing  the  liquor  and  subsequently  boiling.  Sul- 
phuretted hydrogen  is  then  passed  through  the  clear  liquors  separated 
from  the  precipitate.  The  precipitate  by  sulphuretted  hydrogen  is  sepa- 
rated and  washed,  and  the  solution  treated  with  chloride  of  lime  (bleach- 
ing-powder),  to  which  a  little  caustic  lime  is  added  to  neutralize  the 
liberated  acid.  By  this  means  oxide  of  cobalt  is  precipitated,  and,  after 
being  washed  and  ignited,  is  ready  for  the  market.  The  nickel  is,  after 
the  addition  of  milk  of  lime,  precipitated  by  boiling  the  liquor  from 
which  the  cobalt  has  been  previously  thrown  down. 

The  reduction  of  nickel  oxide  thus  obtained  is  sometimes  effected 
by  a  process  of  cementation.  For  this  purpose  a  number  of  cylinders  of 
refractory  clay  are  fixed  vertically  in  a  furnace,  so  that  the  flame  may  play 
around  them  on  all  sides.  These  are  open  at  top,  and  terminate  at 
bottom  in  truncated  cones  passing  below  the  fire-bars,  through  which  the 
charge  is  removed.  The  dried  oxide  of  nickel,  either  in  lumps  or  in 
small  cubes,  intimately  mixed  with  powdered  charcoal,  is  introduced  at 
the  top  of  these  cylinders,  and  a  strong  heat  externally  applied.  The 
reduced  metal  retains  the  form  of  the  lumps  or  cubes  of  oxide  introduced, 
and  is  from  time  to  time  withdrawn  through  openings  in  the  bottoms  of 
the  cylinders  ;  a  fresh  charge  being  at  the  same  time  introduced  at  the 
top,  so  that  the  operation  becomes,  to  a  certain  extent,  continuousL 

The  hydrated  nickel  oxide  produced  in  the  wet  way  is  sometimes 
mixed  in  a  pasty  mass  with  about  5  per  cent,  of  flour  and  a  little  syrup. 
This  mixture,  which  has  the  consistency  of  dough,  is  beaten  into  a  frame, 
and  subsequently  cut  into  cubes  of  something  less  than  an  inch  square ; 
these  are  dried,  and  afterwards  reduced  to  the  metallic  state  in  crucibles 
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or  in  tubes  iu  which  they  are  heated  to  whiteness  whilst  surrouuded  by 
charcoal-dust. 

According  to  Aubel,  nickel  can  be  fused  before  the  tuyer  of  a  Rachette 
furnace,  and  Montefiore  states  it  may  be  melted  in  comparatively  large 
quantities  in  the  apparatus  devised  by  Deville  and  Debray  for  the  fusion 
of  platinum. 


COPPER. 

This  metal  appears  to  have  been  known  in  remote  antiquity,  and, 
alloyed  with  about  one-tenth  of  its  weight  of  tin,  was  anciently  em- 
ployed for  making  edge-tools  and  for  other  purposes.  Copper  has  a  red 
colour,  is  very  malleable,  ductile,  and  tenacious,  and  when  warmed  or 
rubbed  exhales  a  characteristic  odour. 

The  copper  of  commerce  is  not  chemically  pure,  but  contains  traces 
of  other  metals,  such  as  arsenic,  tin,  and  silver.  Pure  copper  may  be 
precipitated  by  electrical  agency  from  a  solution  of  a  pure  salt  of  that 
metal,  and  the  variety  of  copper  known  as  best-selected  is  very  nearly 
pure;  tough-ingot  and  tough-cake^  particularly  the  latter,  may  contain 
traces  of  arsenic,  tin,  sulphur,  &c. 

Chemically  pure  copper  may  also  be  obtained  by  reducing  cupric 
oxide  to  the  metallic  state  by  passing  over  it  a  stream  of  hydrogen  gns 
while  heated  in  a  hard  glass  tube.  Under  these  circumstances  the 
reduction  takes  place  below  a  red  heat,  and  the  metal  which  remains  in 
the  tube  is  found  in  the  state  of  a  powder,  readily  assuming  a  metallic 
lustre  when  rubbed  between  hard  surfaces. 

The  specific  gravity  of  this  metal  varies  slightly,  in  accordance  with 
the  nature  of  the  treatment  to  which  it  has  been  subjected,  hammered  or 
rolled  specimens  having  a  greater  density  than  ordinary  fused  copper 
which  has  not  been  thus  compressed.  The  density  of  copper  varies 
between  8*76  and  8*96,  and  when  heated  to  whiteness  it  gives  off 
metallic  vapours,  which  impart  a  green  colour  to  flama 

When  copper  at  ordinary  temperatures  is  exposed  to  the  action  of 
dry  air,  its  surface  is  not  oxidized ;  but  if  acted  on  by  a  damp  atmosphere, 
it  becomes  covered  with  a  green  basic  carbonate,  known  as  "  verdigris." 

Water  is  decomposed  by  copper  when  heated  to  whiteness  in  the 
presence  of  steam ;  oxide  of  copper  is  formed,  and  hydrogen  is  set  free. 
A  concentrated  solution  of  hydrochloric  acid  attacks  copper,  when  in  a 
state  of  fine  division,  with  considerable  facility ;  but  when  the  metal  is 
exposed  to  its  action  in  more  solid  masses,  its  solution  is  attended  with 
some  difficulty. 

The  presence  of  the  stronger  acids  does  not  determine  the  decomposi 
tion  of  water  by  this  metal.     When  dissolved  in  concentrated  sulphuric 
acid,  sulphurous  anhydride  is   evolved.     Nitric  acid,  even  when   cold 
and  diluted  with  water,  dissolves  copper  with  great  facility,  and  gives 
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rise  to  the  rapid  eyolution  of  nitric  oxide,  which,  coining  in  contact 
with  the  air,  produces  large  quantities  of  the  characteristic  red  fumes 
caused  by  the  resulting  compound. 

The  tenacity  of  copper  is  less  than  that  of  iron,  but  greater  than  that 
of  gold  or  platinum. 

Sheet-copper  is  extensively  used  for  covering  ships,  and  for  a  vast 
number  of  other  purposes.  Copper  is  also  largely  employed  for  making 
tubing,  vacuum-pans,  stills,  &c.,  as  well  as  for  culinary  vessels  of  different 
kinds ;  as  an  alloy  with  zinc  in  the  form  of  brass  or  yellow-metal,  and, 
combined  with  tin,  as  bronze,  bell-metal,  &c. 

Copper  Orbs. 

Native  Copper;  Cuivre  naiif;  Gediegen  Kupfer,  Cubic. — ^This 
metal  frequently  occurs  in  a  native  state,  and  is  probably  sometimes  the 
result  of  electro-chemical  influences,  by  which  sulphate  of  copper  arising 
from  the  oxidation  of  its  various  sulphides  is  caused  slowly  to  deposit 
the  metal  it  contains. 

Native  copper  is  most  frequently  met  with  in  irregularly  shaped 
masses,  occupying  fissures  in  the  rocks  in  which  it  is  found;  but  it 
sometimes  also  occurs  in  a  crystalline  state,  in  which  case  the  crystals 
are  cubes,  octahedra,  or  some  immediately  derived  form.  Native  copper 
is  both  malleable  and  ductile;  has  a  red  colour,  metallic  lustre,  and 
shining  streak ;  possesses  no  traces  of  cleavage,  and  readily  fuses  before 
the  blowpipe  into  a  well-detined  metallic  globule,  which,  on  cooling, 
becomes  externally  coated  with  a  thin  layer  of  oxide.  In  some  localities 
specimens  of  this  metal  occur  in  a  pure  state,  but  it  more  frequently 
contains  traces  of  other  metals,  particularly  of  iron  and  silver. 

Native  copper  is  met  with  in  the  mines  of  Cornwall,  Brazil,  and 
Siberia,  but  most  abundantly  in  those  of  Keweenaw  Pointj  Lake  Supe- 
rior, where  masses  exceeding  400  tons  in  weight  have  been  extracted. 
Splendid  crystallized  specimens  are  also  procured  from  Siberia  and 
from  the  island  of  Naalso,  one  of  the  Faroe  Isles,  where  it  accompanies 
fibrous  mesotype  in  amygdaloidal  trap. 

The  minerals  of  which  copper  forms  an  essential  constituent  are 
numerous  and  important,  but  we  shall  mainly  confine  our  attention  to 
such  as  are  entitled  to  be  ranked  among  copper  ores. 

Cuprite  ;  Ruby  Copper  Ore  ;  Cuivre  oxyduU  ;  RothJcupfererz,  Cubic 
— This  oxide  is  remarkable  for  its  brilliant  cochineal-red  colour,  most 
distinctly  seen  in  transparent  and  translucent  specimens 

This  mineral  frequently  occurs  in  well-defined  crystals  of  a  ruby-red 
colour ;  its  lustre  is  semi-metallic,  streak  shining  and  reddish-brown, 
fracture  hackly  or  sometimes  conchoidal,  and  its  cleavage  parallel  to  the 
faces  of  the  octahedron.  When  crystals  of  this  mineral  are  opaque,  they 
are  sometimes  of  an  iron-grey  tint  on  the  surface,  but  their  peculiar  led 
colour  becomes  apparent  when  they  are  reduced  to  the  state  of  fine 
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powder.     This  mineral  has  a  density  of  5*99;  its  composition  is  as 
follows : — 

Ou        .  .        .        .     88-80 

O  .  .        .        .     11-20 

These  proportions  are  represented  by  the  formula  CujO. 

Octahedral  copper  oxide  is  found  in  many  of  the  Cornish  mines; 
particularly  in  those  near  Redruth,  and  at  the  Phoenix  mines,  near 
Liskeard.  Isolated  crystals,  sometimes  an  inch  in  diameter,  were 
formerly  obtained  at  Chessy,  in  the  neighbourhood  of  Lyons ;  and  many 
splendid  specimens  have  been  brought  from  Siberia.  This  oxide  is  also 
found  in  extremely  slender  reticulated  crystals ;  specimens  of  this  variety 
are  occasionally  obtained  from  the  mines  of  West  Cornwall. 

Mklaconitb;  Black  Oxide  of  Copper;  Cuivre  oxydi  noir ;  Kupfer- 
schwarz.  Cubic. — In  many  copper  mines  a  black  substance  is  found, 
which  stains  the  fingers  when  handled,  and  is  principally  composed  of 
cupric  oxide,  CuO,  mixed  with  various  earthy  impurities.  Analysis 
shows  that  this  substance  sometimes  contains  sulphur  and  arsenic,  and 
often  considerable  quantities  of  the  oxides  of  iron  and  manganese. 

From  this  circumstance  it  appears  that  black  oxide  of  copper,  which 
in  many  localities  is  obtained  in  sufficient  abundance  to  render  its  extract 
tion  an  important  consideration,  is  the  result  of  the  decomposition  of 
other  ores,  such  as  copper  pyrites,  and  that  the  sulphur  and  arsenic  which 
it  still  retains  are  merely  the  result  of  incomplete  decomposition. 

This  mineral  is  commonly  found  disseminated  among  other  ores  of 
copper,  and  sometimes  occurs  in  shining  botryoidal  concretions  or  dull 
friable  masses. 

RsDRUTHiTB ;  Vitreous  Copper ;  Cuivre  stUfuri ;  Kupferglanz. 
Rhombic. — Bisulphide  of  copper  is  of  an  iron-grey  colour,  and  is  often 
iridescent ;  found  in  crystals,  but  more  frequently  in  compact  lamellar 
masses ;  pseudomorphic  crystals  of  this  mineral  after  galena,  have  occa- 
sionally been  observed.  The  specimens  obtained  from  the  Cornish 
mines,  and  especially  from  Cook's  Kitchen,  frequently  present  them- 
selves in  thin  six-sided  prisms.  This  ore  is  friable,  slightly  sectile,  and 
when  scratched  affords  a  shining  lead-grey  streak. 

When  pure  it  may  be  readily  cut  with  a  knife,  and  is  fusible  in  the 
flame  of  a  candle.  Its  density  varies,  according  to  texture,  from  5*5  to 
5'8y  and  its  crystals  are  frequently  twinned. 

Bisulphide  of  copper  is  almost  always  contaminated  with  a  certain 
amount  of  sulphide  of  iron,  by  which  its  hardness  and  fusibility  are  con- 
siderably modified.  An  argentiferous  variety  from  Mexico  is  known  as 
stromeyerite. 

The  composition  of  a  specimen  of  this  mineral,  from  Tellemarken, 

Norway,  analysed  by  Scheerer,  was  found  to  be  as  follows  : — 

S  .  .  .  .  20-86 
Cu  .  .  .  .  7912 
Fe       .        .        .        .      0-28 

99-76 
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Its  composition  is  expressed  by  the  formula  Cu^S. 

Although  in  this  country  magnificent  crystals  of  vitreous  copper  are 
obtained  from  the  Cornish  mines,  they  are  nevertheless  almost  exclu- 
sively confined  to  that  county ;  the  more  compact  and  massive  varieties 
occur  in  Siberia,  Saxony,  and  the  Banat 

CoppBB  Pyrites;  Chaicopyrite;  Cuivre pyriteux ;  Kupferkies.  Tetra- 
gonal— This  mineral  is  distinguished  by  its  strong  metallic  lustre  and 
brass-yellow  colour.  It  usually  occurs  in  amorphous  masses,  with  an 
irregular  and  slightly  conchoidal  fracture :  it  is  also  found  in  mammil- 
lated,  stalactitic,  and  botryoidal  forms,  as  well  as  in  crystals.  Its  specific 
gravity  varies  from  4'1  to  4*3,  and  when  strongly  heated  on  charcoal 
before  the  blowpipe  it  readily  fuses  into  a  dull-black  globule,  which, 
from  the  presence  of  iron,  becomes  magnetic  When  mixed  with  sodium 
carbonate,  and  similarly  treated,  it  yields  a  button  of  metallic  copper.  If 
dissolved  in  nitric  acid  or  aqua  regia,  it  affords  a  solution  which,  on  the 
addition  of  ammonia,  assumes  a  fine  blue  colour. 

The  following  analyses  give  the  composition  of  specimens  of  this 
mineral  from  two  different  localities : — 


From  Onmwall. 
Analysed  by  R.  PbiUips. 

From  Bayn. 
Analyaed  by  H.  Rose. 

s 

Cu 

Fe 

Gaugue  .... 

3516 

80  00 

32-20 

2-64 

85-87 

84-40 

80-47 

0-27 

100-00 

101-01 

Its  composition  may  consequently  be  represented  by  the  formula 
CujaFe^Sa,  or  CuS.FeS. 

This  mineral  is  found  in  lodes  or  veins,  which  frequently  occur  either 
in  granite  or  in  clay-slate,  although  it  is  also  met  with  in  serpentine, 
gneiss,  and  other  rocks.  It  is  most  commonly  associated  with  iron  pyrites, 
blende,  and  galena,  together  with  carbonates  and  other  ores  of  copper. 

The  principal  localities  in  which  this  valuable  ore  is  found  are  Corn- 
wall and  Devon,  in  England ;  in  Saxony ;  at  Goslar,  in  the  Lower  Harz ; 
at  Schemnitz  and  Kremnitz,  in  Hungary ;  at  Fahlun,  in  Sweden  ;  in  the 
Ural  Mountains,  in  Eussia ;  also  in  China  and  Japan,  and  in  Australia ; 
formerly  in  considerable  quantities  at  Chessy,  in  France. 

The  Cornish  copper  ores,  once  so  extensively  treated  in  the  neigh- 
bourhood of  Swansea,  are  chiefly  composed  of  this  mineral,  and  constitute 
the  chief  portion  of  the  copper  ores  raised  in  the  United  Kingdom. 

Enormous  deposits  of  iron  pyrites,  through  which  copper  pyrites  and 
other  ores  of  copper  are  more  or  less  thickly  disseminated,  are  exten- 
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sively  worked  in  Spain  and  Portugal  This  mineral,  besides  supplying 
the  sulphur  required  for  the  production  of  nearly  all  the  sulphuric  acid 
manufactured  in  Europe,  yields  very  large  quantities  of  copper  by  the 
process  of  wet  extraction. 

Erubesoitb:  Cuivre  panache;  Bunthipfererz.  Cubic. — This  ore, 
which  holds  a  somewhat  important  position  among  copper-producing 
minerals,  has  a  reddish-brown  colour,  and  metallic  lustre ;  its  surface  is 
commonly  iridescent  with  different  shades  of  blue,  purple,  and  red,  from 
which  circumstance  it  is  called  cuivre  panache  by  French  mineralogists. 

Fused  before  the  blowpipe,  it  presents  similar  reactions  to  those 
obtained  from  copper  pyrites,  but  when  found  in  a  crystalline  form  the 
crystals  are  either  cubes  or  octahedra,  of  which  the  faces  are  not  usually 
well  defined.  It  occurs  in  the  compact  form,  associated  with  other  ores 
of  copper,  in  Chili,  Cornwall,  Siberia,  Silesia,  Norway,  and  the  Banat ; 
also  in  the  Cape  Colony,  and  in  the  cupriferous  shales  of  Mansfeld. 

In  this  country  the  crystallized  variety  has,  as  yet,  only  been  found  in 
Cornwall,  where,  among  other  localities,  it  occurs  in  the  neighbourhood 
of  Bedruth. 

This,  like  copper  pyrites,  is  a  double  sulphide  of  copper  and  iron ; 
analyses  of  two  specimens  afforded  the  following  results  : — 


From  Cornwall ; 
Varrautrapp. 

PblllitHI. 

Cu   . 

S      .        .        .        . 
Fe   .        .        .        . 
Gangue    . 

58-20 
26-98 
14-84 

61-07 

28-75 

14-00 

0-50 

100-02 

99-82 

The  specific  gravity  of  the  crystallized  varieties  varies  from  4*9  to  5  1, 
and  the  faces  of  the  crystals  are,  in  many  specimens,  slightly  curved ; 
formula,  SCu^.FcjS,  or  Cu,FeSj, 

Tbtrahedritb  :  Cuivre  gris  /  Fahlerz.  Cubic ;  tetrahedraL — Usually 
occurs  massive,  but  sometimes  crystallized  in  well-defiucd  tetrahedra. 
Its  colour  varies  irom  steel-grey  to  iron-black,  and  when  scratched  it 
yields  either  an  unchanged  or  a  slightly  brown  streak.  It  has  a  con- 
choidal  fracture,  and  sometimes  an  imperfectly  developed  cleavage  parallel 
to  the  faces  of  the  octahedron.  It  is  brittle,  and  has  a  density  varying 
from  4-6  to  5*1. 

Dana  believes  that  the  general  composition  of  this  mineral  may  per- 
haps be  represented  by  the  formula  4CusS  +  Sb^Sj  or  CugSbsSr,  in  which 
each  of  the  different  metallic  constituents  may  be,  to  a  greater  or  less 
extent^  replaced  by  the  substitution  of  other  isomorphous  elements ;  so 
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that  sulphide  of  arsenic  may  be  substituted  for  sulphide  of  antimony, 
sulphide  of  silver  for  sulphide  of  copper,  &c 

This  mineral  frequently  contains  zinc  and  silver,  and  occasionally 
mercury.  The  following  analyses  of  different  specimens  of  this  ore  will 
serve  to  illustrate  its  very  variable  constitution  : — 


Locality. 

8. 

8b. 

As. 

Cu. 

Fe. 

Zn. 

Ag. 

From  Clansthal ;  Rose     . 
„     Wolfach ;  Rose 
,,      Corbi^res;  Berthier 
„      Geredorf ;  Rose 

Locality  not  named ;  Klap- 
roth       . 

24-78 
23-52 
26-80 
26-88 

10-00 

28-34 

26-68  1      ... 
26-00       1-60 
16-52       7-21 

...       14-00 

34-48 
26 -83 
84-80 
88-68 

48-00 

2-27 
8-72 
1-70 
4-89 

26-60 

6-65 
8  10 
6-80 
2-76 

4-97 

1771 

0-70 

2-87 

0-60 

Some  of  the  finest  crystals  of  this  substance  have  been  obtained  from 
mines  near  St.  Austell,  in  Cornwall ;  and  very  beautiful  complex  crystals 
of  a  bright  polished  aspect  are  found  at  Andreasbeig,  in  the  Han; 
Kremnitz  and  Kapnik,  in  Hujigary ;  Freiberg,  in  Saxony ;  and  Dillen- 
burg,  in  Nassau. 

Blub  Cabbonatb  op  Copper  ;  Azurlte  ;  Kupferlamr.  Monoclinia — 
This  mineral,  which  occurs  both  in  mammillated  concretions  and  in  well- 
defined  and  brilliant  crystals,  is  of  a  beautiful  blue  colour,  and  is  some- 
times perfectly  transparent^  although  commonly  translucent  only.  Its 
specific  gravity  varies  from  3*5  to  3-7;  lustre,  vitreous  or  adamantine; 
fi-acture,  conchoidal,  and  streak  of  a  somewhat  lighter  blue  than  the 
mineral  itself.  When  acted  on  alone  before  the  blowpipe  it  is  melted 
by  the  oxidizing  flame  into  a  black  globula  By  the  reducing  flame  a 
bead  of  metallic  copper  is  obtained.  It  dissolves  with  effervescence  in 
nitric  acid,  and  yields  a  solution  affording  all  the  common  reactions  of 
copper.  When  fused  with  borax  in  the  oxidizing  flame  a  glass  of  a 
bright-green  colour  is  produced. 

Its  composition,  according  to  analyses  by  Phillips  and  Earsten,  is  as 
follows : — 


Specimen  from 

Cheaav; 

RPhilUps. 

Specimen  from 
theBiUMt; 
Karsten. 

OuO. 
COa  . 
HaO.        . 

69-08 

26-46 

6-46 

69-08 

26-72 

6-20 

100-00 

100-00 

The  above  numbers  correspond  to  the  formula  2(CuO.COj)  +  CuO.HsO, 
or  2CUCO3.CUH2OS.     This  mineral  usually  occurs  associated  with  the 
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led  oxide  and  green  carbonate  of  copper.  Some  of  the  chief  localities 
from  which  blue  carbonate  of  copper  has  been  obtained  are  Cheesy  near 
LyonSy  Siberia,  and  the  Banat.  Specimens  of  this  ore  are  also  found  at 
Redruth,  in  Cornwall;  Alston  Moor,  in  Cumberland;  in  the  Cuban 
mines,  and  in  large  quantities  at  Burra  Burra,  South  Australia.  When 
obtained  in  sufficient  quantity,  this  substance  constitutes  a  valuable  ore 
of  copper. 

Malaohitb;  Cuivre  earhonatS  vert;  Mcitachit.  Monodinic — Green 
carbonate  of  copper  is  remarkable  for  its  fine  emerald-green  colour,  of 
which  the  same  specimen  usually  exhibits  a  great  diversity  of  shades. 
When  in  a  crystallized  state,  this  substance  is  found  in  various  forms 
derived  from  the  oblique  prism ;  but  it  is  more  frequently  met  with  as 
mammillated,  reniform,  and  amorphous  deposits.  It  is  likewise  found  in 
stalactiform  masses,  made  up  of  several  successive  layers,  of  which  the 
extent  and  thickness  are  apparent  and  well  defined. 

Malachite  is  found  in  considerable  quantities  in  the  Ural  Mountains ; 
in  the  mines  of  South  Australia ;  formerly  at  Chessy  in  France ;  in  the 
old  mine  at  Sandlodge  in  Shetland ;  in  the  Banat ;  the  Tyrol,  and  in 
some  of  the  Cornish  mines.  It  is,  from  its  high  percentage  of  metal, 
a  valuable  ore  of  copper,  but  it  is  also  highly  prized  by  the  lapidary  for 
various  ornamental  purposes. 

The  density  of  this  mineral  varies  from  3*6  to  4*1 ;  lustre, adamantine, 
inclining  to  vitreous ;  streak  of  a  rather  paler  green  than  the  mineral 
itsell 

Its  percentage  composition  is  as  follows  : — 


FitmiSibtria; 

VauquelixL 

From  BlberlA; 
Klaproth. 

CuO      . 
CO,       .        . 
H,0      .        . 

70-10 

21-26 

8-46 

7170 

20-60 

7-80 

99-80 

10000 

The  above  numbers  indicate  that  the  composition  of  this  mineral  may 
be  represented  by  the  formula  CuO.CO,  +  CuO.H,0  or  CuCO,.CuH,Oj- 
Malachite  is  advantageously  employed  for  mixing  with  the  various  sul- 
phides of  copper  during  the  operations  of  smelting.  It  is  also  sometimes 
used  by  artists  as  a  green  pigment ;  it  affords  a  valuable  material  for  the 
manufacture  of  the  various  salts  of  copper,  and  may  be  converted  into 
blue  vitriol  by  solution  in  dilute  sulphuric  acid  and  subsequent  crystalli- 
zation. 

Dioptabb;  Aekirite;  Kupfer-Smaragd,  Hexagonal — ^Composition, 
CuO.SiO,.  H,0  or  CuSiOA;  colour  between  emerald-green  and  verdi- 
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gris  green.  Occurs  with  quartz  and  calcite  in  limestone  in  the  Kirghiz 
Steppe,  and  has  been  more  recently  found  in  the  copper  mines  of  Colorado 
and  Arizona. 

Chrtsocolla  ;  SUicate  of  Copper  ;  Cuivre  Hydrate  Silidfire;  KieBeL- 
hapfer.  Cryptocrystalline ;  often  resembling  opal  in  texture;  earthy. 
Incrusting  various  minerals  or  filling  crevices,  sometimes  botryoidaL 
Accompanies  other  ores  of  copper ;  chiefly  occurs  near  the  surface. 
Colour,  mountain-green,  bluish-green,  passing  into  sky-blue  or  turquoise- 
blue. 

Found  in  the  copper  mines  of  Cornwall,  Hungary,  and  T}to1;  in 
Saxony,  Bavaria,  Australia,  on  Lake  Superior,  and  at  various  other  locali- 
ties in  North  America. 

Its  composition  varies  considerably,  from  the  presence  of  impurities, 
as  is  generally  the  case  with  amorphous  minerals,  resulting  from  alte- 
ration. 

Analyses  of  two  specimens  of  this  mineral  from  different  localities 
afforded  the  following  results : — 


From  Coquimbo, 
Chili;  F.  Field. 

Prom  Cornwall ; 
Berthier. 

SiO, 

CO, 

CuO 

Fe,0, 

A1,0, 

H,0 

Gaogae 

28-21 

89-60 
2-80 
4-97 

24-52 

26-00 
8-70 

41*80 
2-50 

23-50 
2-50 

100-00 

100  00 

Probable  formula:  CuO.SiO»2H,0,  or  CuSiOs.2Aq. 


Distribution  of  Copper  Ores. 

Copper  not  only  occurs  in  many  different  forms  of  combination,  but 
its  geographical  distribution  is  very  extensive,  and  its  geological  range 
equally  wide.  Ores  of  this  metal  are  found  in  rocks  of  all  ages,  from 
the  Laurentian  to  the  Cretaceous,  but  their  deposition  would  appear  to 
have  gone  on  with  greater  activity  during  the  Permian  period  than  at 
any  other. 

The  principal  portion  of  the  copper  produced  in  this  country  is 
obtained  from  the  mines  of  Cornwall  and  Devonshire ;  but  the  Ecton 
mines,  Staffordshire,  at  one  time  furnished  considerable  returns,  and 
Parys  mine  in  Anglesea  once  yielded  large  supplies.  Wales  has  from 
time  to  time  furnished  a  limited  quantity  of  copper,  and  Ireland  has 
contributed  about  700  tons  annually.     The  production  of  copper  in  the 


COPPER.  397 

United  Kingdom  has  much  decreased  since  1862,  when  it  amounted  to 
14y843  tons;  in  1872  it  had  heen  reduced  to  5,600  tons;  and  the 
present  annual  yield  of  the  mines  of  this  country  probably  does  not 
exceed  3,000  tons. 

In  France  there  were  formerly  mines  of  considerable  interest  at 
Chessy  near  Lyons.  These  deposits,  which  occurred  at  the  junction  of 
mica-slate  with  Triassic  and  Jurassic  rocks,  largely  consisted  of  azurite 
and  cuprite ;  but  after  furnishing  the  cabinets  of  Europe  with  the  finest 
known  specimens  of  these  minerals,  they  have  become  exhausted. 

The  most  important  copper-producing  district  of  Prussia  is  that 
around  Mansfeld,  where  mining  has  for  centuries  been  carried  on  in  the 
Knpferschiefer,  immediately  beneath  the  Zechstein.  The  copper-bear- 
ing stratum  seldom  exceeds  18  inches  in  thickness,  but  extends  with 
wonderful  regularity  over  an  area  of  many  square  miles;  the  portion 
which  is  smelted  constitutes  a  comparatively  small  proportion  of  the 
seam,  and  contains  copper  in  the  form  of  enclosed  particles  of  various 
disseminated  sulphides.  The  proportion  of  copper  in  the  ore  treated 
averages  about  2^  per  cent,  while  that  of  silver  does  not  exceed  ^^^th  of 
1  per  cent.  For  several  years  past  the  various  Mansfeld  establishments, 
which  are  worked  with  consummate  skill,  have  treated  about  500,000 
tons  of  schist  annually,  and,  in  addition  to  above  11,000  tons  of  copper, 
have  yielded  fine  silver  to  the  annual  amount  of  about  154,000  lbs. 
avoirdupois.  A  small  quantity  of  copper  is  produced  in  the  neighbour- 
hood of  Siegen  and  in  Lower  Silesia.  The  production  of  copper  ore  in 
the  German  Empire  in  1881  reached  a  total  value  of  £716,495. 

The  principal  copper  mines  of  the  Kussian  Empire  are  in  the  Ural 
Mountains,  the  Altai,  the  Caucasus,  and  in  Finland ;  but  the  latter  are 
of  minor  importance.  The  copper  ores  of  the  Caucasus  are  said  to  be 
abtindant,  and  there  is  evidence  of  their  having  been  worked  at  a  very 
early  period ;  the  present  yield  of  these  mines,  as  well  as  of  those  in 
the  Altai,  is  inconsiderable.  There  are  mines  in  the  Ural  Mountains,  as 
well  as  on  their  western  flank,  where  certain  beds  of  Permian  age  are 
cupriferous,  and  possess  a  remarkable  analogy  with  the  Kupferschiefer 
of  Mansfeld.  The  amount  of  copper  furnished  yearly  by  Eussia  is  esti- 
mated at  about  5,000  tons. 

Upper  Hungary  and  the  Banat  produce  copper ;  the  copper  mines  of 
the  Schemnitz  district  have  decreased  in  importance.  The  total  produc- 
tion of  copper  in  the  Austrian  empire  including  Hungary  was  in  1882 
10,800  tons  of  ore,  of  a  value  of  £63,600. 

The  quantity  of  copper  furnished  by  the  Scandinavian  peninsula  is 
small,  but  has  somewhat  increased  within  the  last  ten  years.  The  mines 
of  Alten,  in  Norway,  are  said  to  be  in  the  most  northern  position  of  any 
in  the  world,  being  in  latitude  70°.  The  mine  of  Vigsnces  is  of  consider- 
able importance,  as  are  also  those  of  E0ros,  where  the  ore  is  disseminated 
in  chloritic  slate,  forming  metalliferous  beds.  The  copper  deposits  of 
Sweden  resemble  those  of  Norway.     There  are  eight  groups  of  mines 
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or  mining  districts,  principally  in  the  province  of  Dalecarlia.  FaUun 
has  been  celebrated  for  its  copper  mines;  but  its  importance  is  mtich 
diminished,  and  it  is  now  to  some  extent  exhausted ;  the  ores  are  poor, 
and  do  not  yield  above  4  per  cent  of  metal  after  being  hand-pi^ed. 
The  annual  production  of  copper  in  Sweden  and  Norway  ia  estimated  at 
about  3,000  tons. 

The  amount  of  copper  now  produced  from  Spanish  pyrites  is  very 
large.  The  most  remarkable  deposits  are  those  of  Bio  Tinto  and  Tharsi?, 
both  situated  in  the  province  of  Huelva.  These  mines  were  extensively 
worked  during  the  Roman  occupation  of  the  country,  and  subsequently 
by  the  Spaniards.  Within  the  last  twenty  years,  however,  they  have 
passed  into  the  hands  of  powerful  British  companies,  by  whom  they 
have  been  extensively  and  systematically  developed 

In  Portugal,  at  San  Domingos,  near  the  mouth  of  the  River  Guadiana, 
there  are  extensive  mines  of  cupriferous  pyrites  worked  by  Messra  Maaon, 
Barry  &  Co.,  of  London. 

From  these  three  mines  some  550,000  tons  of  cupriferous  pyrites  are 
annually  imported  into  this  country,  which  on  an  average  contain  about 
3  per  cent  of  copper.  This  pyrites  is  first  burnt  for  the  production  of 
sulphuric  acid,  and  the  resulting  cinder  subsequently  treated  for  copper  by 
the  wet  process.  The  total  annual  production  of  copper  from  the  Spanish 
and  Portuguese  "mines,  including  copper-precipitate,  was  estimated  in 
1872  at  13,000  tons ;  at  the  present  time  their  total  yield  is  probably 
not  very  far  short  of  60,000  tons. 

The  only  copper  mines  of  any  importance  worked  in  Italy  are  those 
of  Monte  Catini,  which  are  deposits  for  the  most  part  enclosed  in  ser- 
pentine. A  certain  amount  of  copper  ore  of  good  quality  was  formerly 
exported  from  Turkey,  and  copper  ores  occur  at  Tenes  and  near  Mouxaia, 
in  Algeria.  At  the  latter  place  the  veins  are  enclosed  in  rocks  high  in 
the  geological  series,  belonging,  it  is  believed,  to  the  Cretaceous  period. 

Copper  is  found  in  the  East  Indies  and  in  Japan ;  about  1,500  to 
2,000  tons  annually  are  said  to  be  exported  from  the  latter  country. 
South  Australia  produces  laige  quantities  of  rich  copper  ores,  yielding 
metal  of  good  quality ;  a  large  portion  of  this  ore  is  now  smelted  in  the 
colony.  The  celebrated  Burra  Burra  mine,  eighty-six  miles  from  Adelaide, 
was  first  opened  in  1845,  and  at  once  began  to  yield  laige  quantities  of 
the  red  oxide  and  green  carbonate  of  copper.  In  1850  the  production 
from  this  mine  was  18,962  tons  of  ore,  averaging  from  24  to  26  per  cent, 
of  copper.  The  production  of  the  Burra  Burra  is  now  inconsiderable,  bnt 
the  total  annual  yield  of  the  Australian  colonies  probably  exceeds  12,000 
tons  of  metallic  copper. 

Large  quantities  of  copper  ore  have  for  some  years  been  imported 
from  the  Cape  of  Oood  Hope.  The  value  of  the  copper  ores  proiduoed 
in  Kamaqualand  during  the  year  1882  amounted  to  £331,546. 

Among  the  important  copper  mines  of  Chili  are  those  of  Carrizal, 
north  of  the  valley  of  Huasco,  those  of  San  Juan  and  La  Higuera, 
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between  Hnasco  and  Coquimbo,  besides  numerous  others  in  the  vicinity 
of  Coquimbo.  Large  quantities  of  gold  were  obtained  from  the  upper 
portions  of  the  veins  in  this  district  previously  to  the  close  of  the  last 
century ;  as  the  production  of  gold  fell  off  that  of  copper  increased.  The 
present  /tnnual  production  of  copper  in  Chili  and  Bolivia  is  estimated  at 
about  40,000  tons.  A  portion  of  the  ore  is  smelted  in  the  country,  and 
the  remainder  either  run  into  regulus,  or  exported  in  the  raw  state.  The 
copper  mines  of  Peru  are  but  imperfectly  developed,  and  the  annual 
returns  small  The  mines  of  Cuba  were  formerly  of  great  importance, 
but  of  late  years  their  production  has  almost  ceased.  Copper  ores  are 
found  scattered  in  considerable  abundance  throughout  Mexico,  but  the 
mines  of  this  metal  are  not  worked  to  any  considerable  extent. 

The  most  important  copper-producing  regions  of  the  United  States 
are  those  of  Michigan  on  the  southern  shore  of  Lake  Superior,  and 
those  of  Arizona  and  Montana.  On  Lake  Superior  copper  is  found  in 
trappean  rocks  and  their  associated  conglomerates,  which,  for  the  most 
part,  cover  beds  of  sandstone,  ascribed  by  Whitney  to  the  Lower  Silurian 
period.  The  most  remarkable  feature  of  this  district  is  that  the  copper 
does  not  exist  in  the  form  of  an  ore,  but  almost  exclusively  as  native 
metal  Masses  of  nearly  pure  copper  weighing  over  400  tons  have  some- 
times been  met  with,  and  required  to  be  cut  with  chisels  into  fragments 
of  convenient  size  before  they  could  be  brought  to  the  surface.  The 
bulk  of  the  produce  is,  however,  obtained  by  stamping  and  washing  rock 
containing  from  f  to  4  per  cent,  of  copper.  Copper  pyrites  occurs,  to 
some  extent,  in  the  sandstones  and  limestones  of  the  Mississippi  Valley, 
bat  the  deposits  are  not  extensively  worked.  Copper-bearing  veins  are 
found  in  numerous  localities,  extending  from  Vermont  to  Tennessee,  and 
are  mined  in  various  places.  Li  Montgomery  and  Chester  Counties, 
Pennsylvania,  copper  veins  traversing  New  Red  Sandstone  and  older 
metamorphic  rocks  have  been  sometimes  worked.  The  total  production 
of  copper  in  the  United  States  was,  in  1872,  12,600  tons,  since  which 
date,  by  the  opening  of  fresh  mines,  &c.,  chiefly  in  Arizona  and  Montana, 
the  quantity  has  increased  to  nearly  75,000  tons. 

In  Canada  there  are  the  copper  mines  on  the  north  shore  of  Lake 
Huron,  and  at  Acton  and  Harvey  Hill  in  the  neighbourhood  of  Quebec  ; 
but  the  annual  production  of  the  Dominion  is  very  small 

The  present  production  of  copper  in  the  whole  civilized  world  is 
estimated  at  but  little  short  of  230,000  tons  per  annum,  whilst  in  1872 
the  quantity  probably  did  not  exceed  130,000  tons. 

The  table  on  p.  400,  by  Messrs.  Henry  E.  Merton  &  Co.,  gives,  with 
a  Tery  near  approach  to  accuracy,  the  total  production  of  copper  during 
the  years  1880  to  1885  inclusive.  The  figure^  marked  with  an  asterisk 
are  estimations  only. 
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The  imports  and  exports  of  copper  to  and  from  the  United  Kingdom 
during  the  five  years  ending  1884  were  as  follows : — 


188a 

1881. 

1882. 

1888. 

1884. 

Imports 
Exports    . 

Tons. 
91,667 

59,485 

Tons. 
84,190 

61,692 

Tons. 
93,279 

55.684 

Tons. 
102,857 

59,351 

Tons. 
113,610 

64,692 

Assay  of  Copper  Ores. 

Cornish  Drt  Assay. — In  an  exhaustive  paper  by  M.  Moissenet,  pub- 
lished in  the  '  Annales  des  Mines,'  ^  on  the  English  method  of  assaying 
copper  by  the  dry  way,  he  very  justly  remarks  that  within  certain  limits, 
this  process  is  not  less  practical  from  being  somewhat  inexact ;  its  object 
is  rather  to  furnish  the  smelter  with  the  commercial  value  of  an  ore  than 
to  indicate  the  exact  amount  of  copper  which  it  contains.  In  point  of 
fact,  the  Cornish  assay  a£fords,  on  a  small  scale,  results  similar  to  those 
obtained  by  the  smelter  on  a  large  one,  and  any  impurities  prejudicially 
affecting  the  produce  in  the  one  case,  will  equally  affect  the  results  in  the 
other. 

Apparattts  Employed, — The  furnace  employed  for  copper- assaying 
in  Cornwall  is  an  air-furnace  of  the  form  represented  in  fig.  28,  p.  164, 
and  should  be  about  10  inches  long,  9  inches  wide,  and  14  inches  in 
depth  to  the  grate ;  in  a  furnace  of  the  dimensions  stated,  three  fusions 
for  regulus,  or  four  calcinations,  may  be  made  at  the  same  time.  The  fuel 
is  invariably  coke  ;  but  the  size  and  number  of  the  furnaces  used  vary  in 
accordance  with  the  requirements  of  the  assayer. 

The  well-known  Cornish  crucibles  are  always  employed.  They  are 
usually  sold  in  nests  of  two,  and,  less  frequently,  of  three.  The  largest 
size,  about  4  inches  in  height,  is  used  for  calcining  ores  and  for  fusions 
for  regulus ;  the  small  and  middle-sized  pots  are  employed  for  calcin- 
ing regulus,  fusion  for  coarse  copper,  and  refining,  according  to  the 
richness  of  the  ore  and  the  quantity  operated  on.  These  crucibles  are 
generally  used  without  covers,  and  when  several  assays  are  being  made 
simultaneously,  in  order  to  prevent  mistakes,  each  is  marked  with  a  mix- 
ture of  red  oxide  of  iron  and  water  before  being  placed  in  the  furnace. 

The  assayer,  in  addition  to  various  tongs  of  convenient  shapes  for 
handling  red-hot  crucibles  and  removing  them  from  the  fire,  must  be 
provided  with  stirring-rods,  mould-plates  for  receiving  the  fused  assays 
when  poured  from  the  crucible,  hammers,  chisels,  an  anvil  for  testing 
the  copper  buttons,  bronze  or  cast-iron  mortars,  an  iron  slab  about  18 
inches  square  for  breaking  down  slags  upon,  and  sieves  about  9  inches  in 

1  Vol.  6«  S^rie  xiii.  p.  183. 
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diameter  with  from  forty  to  fifty  meshes  to  the  linear  inch,  for  preparing 
samples.  He  also  requires  copper  scoops  for  transferring  fluxes,  &c,  to 
the  crucibles,  a  regulus-bowl  about  10  inches  in  diameter  and  5  inches 
in  depth,  kept  partially  filled  with  water  for  cooling  the  poured  assays, 
having  a  small  annular  shelf  running  round  it  below  the  water-level  on 
which  the  assays  to  be  cooled  are  placed.  Forceps  for  picking  up  copper 
buttons,  &c.,  a  ladle  for  drying  samples  or  washing  ores,  and  flux-spoons 
for  measuring  out  fluxes  are  also  necessary.  The  flux-spoon  is  made  of 
copper,  and  is  usually  1 J  inch  in  width  and  J  inch  deep ;  a  balance 
capable  of  turning  with  ^\  grain  when  laden  with  600  grains  must  be 
likewise  provided. 

Special  weights,  of  which  the  unit  is  termed  a  cent,  are  used  by 
Cornish  assayers  for  the  purpose  of  facilitating  calculation ;  the  system 
adopted  is  to  divide  400  grains  into  100  cents,  taken  as  a  standard, 
the  smallest  weight  being  yV'  ^'  ^*^^  grain.  Assays  are  reported  on 
100  parts  and  the  unit  subdivided  into  ^,  ^,  ^,  and  ^^,  so  that  the  pro- 
duce of  a  sample  is  stated  to  be  7 J,  8|,  12|,  17f,  &a,  per  cent.  The 
fluxes  and  reagents  used  are  as  follows : — Common  salt,  dried  or  fused 
borax,  glass  free  from  lead,  lime,  fluor-spar,  nitre,  soda-ash,  tartar  or 
cream  of  tartar,  sulphur,  charcoal  or  finely  powdered  coal,  iron  pyrites, 
and  white  flux  for  refining. 

Refining  or  white  flux,  is  prepared  by  deflagrating  in  a  large  cruciUe 
,three  parts,  by  measure,  of  nitre,  two  of  cream  of  tartar,  and  one  of 
common  salt ;  carbonate  of  sodium,  or  carbonate  of  potassium,  mixed  with 
a  small  percentage  of  nitre,  may  be  used  in  place  of  ordinary  refining 
flux. 

Preliminary  lamination.  The  samples  to  be  assayed  usually  reach 
the  assayer  in  a  moist  state  in  brown-paper  parcels,  each  weighing  about 
1^  lb.  After  drying  at  a  temperature  somewhat  above  100"  C,  each 
sample  is  ground,  sifted,  and  mixed.  If  the  ore  is  one  which  the  assayer 
has  not  been  in  the  habit  of  testing,  a  small  portion  of  it  is  washed, 
.  on  a  shovel,  in  an  evaporating  dish,  or  in  a  drying  ladle ;  this  is  done 
with  a  view  of  ascertaining,  approximately,  its  quality  and  the  proportions 
of  copper,  sulphur,  arsenic,  gangue,  <fec.,  it  contains.  By  practice  in  this 
manipulation  it  becomes  easy  to  determine  beforehand  whether,  in  the 
next  operation,  the  ore  will  or  will  not  require  calcination,  whether  nitre 
or  sulphur  should  be  added,  &c.  An  experienced  assayer  will  in  most 
cases,  by  a  simple  inspection  of  the  sample,  decide  correctly  as  to  the 
mode  of  treatment  to  be  adopted.  It  is  consequently  only  in  cases  of 
doubt  that  washing  is  resorted  to. 

Method  of  Conducting  an  Assay, — The  characteristio  peculiarity  of 
the  Cornish  method  of  assaying  is  the  general  preliminary  concentration 
of  tlie  copper  in  the  form  of  regulus.  Until  within  a  comparatively 
recent  date  this  method  of  treatment  was  universal,  and  even  rich  car- 
bonates and  oxides  were  always  assayed  on  this  principle.  The  ralative 
proportions  of  the  various  fluxes  employed,  as  well  as  the  smaller  details 
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of  manipulation,  are  varied  by  different  assajers  in  accordance  with  the 
'  results  of  their  individual  experience ;   but  in  all  cases  the  Cornish 
method  of  assaying  comprises  the  following  operations : — 

1.  Fusion  for  regulus.    , 

2.  Calcination  of  the  regulus. 

3.  Fusion  for  coarse  copper. 

4.  Refining. 

5.  Treatment  of  the  slags  for  the  copper  they  contain. 

1.  Fusion  for  Eegulus, — The  quantity  of  ore  operated  on  varies  in 
accordance  with  its  richness  in  copper ;  400  grains  are  commonly  used 
for  ores  containing  under  10  per  cent,  of  copper;  200  grains  for  ores 
between  10  and  30  per  cent.,  and  100  grains  for  samples  in  which  the 
copper  amounts  to  more  than  30  per  cent.  The  fluxes  are  not  weighed, 
hut  merely  measured  in  the  flux-spoon,  their  proportions  being  so  ad- 
justed as  to  yield  a  fusible  slag  with  the  gangue  and  oxide  of  iron, 
resulting  from  the  oxidation  of  pyrites,  <&c.  They  should  also  produce  a 
slag  which  separates  easily  from  the  regulus,  and  the  amount  of  nitre, 
sulphur,  &c,  should  be  such  as  to  result  in  the  formation  of  a  regulus 
containing  about  50  per  cent,  of  copper. 

Yellow  copper  ore,  without  admixture  of  iron  pyrites,  contains  a 
larger  amount  of  iron  and  sulphur  than  is  required  to  form  a  regulus  of 
the  richness  desired. 

Vitreous  copper  ore,  on  the  other  hand,  requii*es  iron  and  sulphur, 
in  order  to  produce  a  proper  regulus.  These  may  be  supplied  by  the 
addition  either  of  iron  pyrites  or  of  a  mixture  of  sulphur  and  oxide  of 
iron. 

In  order  to  obtain  from  copper  pyrites  a  button  of  regulus  containing 
about  50  per  cent  of  copper,  it  is  necessary  to  oxidize  a  large  portion  of 
the  sulphur  present.  This  may  be  done  by  a  partial  roasting  (*'  warm- 
ing"), by  partial  roasting  and  the  addition  of  nitre  in  the  subsequent 
fusion,  or,  simply,  by  the  addition  of  nitre.  Either  of  these  methods 
may  be  adopted ;  the  first  and  second  require  considerable  experience 
with  regard  to  the  amount  of  roasting  necessary,  but  the  third  is  more 
direct 

Rich  oxides  and  carbonates  may  be  fused  directly  for  coarse  copper, 
care  being  taken  to  retain  the  slags  for  subsequent  treatment;  native 
metal  and  bar-copper  only  require  refining. 

The  raw,  or  more  or  less  calcined  ore  is  intimately  mixed  with  the 
various  fluxes  required,  introduced  into  a  crucible  of  the  largest  size,  and 
over  the  whole  is  spread  a  layer  of  dried  borax.  When  a  preliminary 
roasting  has  been  resorted  to,  the  crucible  employed  for  that  purpose 
must  be  preserved  for  the  subsequent  fusion.  This  roasting  is  conducted 
in  crucibles,  which,  when  placed  in  the  furnace,  are  packed  round  with 
coke  to  their  full  height^  so  that  they  may  be  as  unifomdy  heated  as 
possible.  A  duU-red  heat  is  maintained  during  the  operation,  which  ia 
continued  until  the  blue  flame,  due  to  burning  sulphur,  ceases,  and  this 
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usually  occupies  about  ten  minutes ;  if  much  iron  pyrites  is  present  more 
time  will  be  required.  During  the  first  part  of  the  fusion  for  regulua 
efifervescence  takes  place  from  the  escape  of  various  gases,  but  ibis 
gradually  subsides,  until,  at  the  close,  the  surface  of  the  slag  becomes 
perfectly  tranquil.  The  crucible  is  now  removed  from  the  furnace,  and 
after  having  received  a  rotatory  motion  for  the  purpose  of  washing  down 
any  particles  adhering  to  the  sides,  its  contents  are  rapidly  poured  into 
an  iron  mould. 

As  soon  as  the  slag  has  solidified,  the  assay  is  seized  with  a  pair  of 
copper  forceps,  dipped  two  or  three  times  into  water,  and  left  to  cool  on 
the  circular  shelf  fitted  around  the  inside  of  the  regulus-bowL  This  has 
the  effect  of  fissuring  the  slag  in  all  directions  and  causes  the  regulus  to 
separate  easily  from  it  Should  any  slag  adhere  to  the  button  obtained, 
it  will  generally  be  on  the  upper  surface,  and  may  be  removed  by  a  slight 
tap  from  either  a  light  hammer  or  the  edge  of  a  spatula.  After  the 
regulus  has  been  thus  carefully  separated  from  the  slag,  the  latter  must 
be  examined  to  see  that  it  contains  no  enclosed  globules  of  regulus.  If 
any  are  found,  they  must  be  picked  out  and  added  to  the  principal  button 
previously  obtained,  care  being  taken  to  avoid  the  addition  of  particles 
of  slag.  In  order  to  save  time,  the  regulus  is  sometimes  poured  into  one 
cavity  of  the  mould  and  the  slag  into  another.  In  order  to  do  this  suc- 
cessfully, however,  a  considerable  amount  of  practice  is  required;  but 
if  there  is  any  doubt  of  the  cleanness  of  the  slag,  or  the  regulus  has  not 
been  perfectly  separated  from  it,  it  may  be  re-melted  with  the  addition  of 
a  little  sulphur.  The  button  of  regulus  thus  obtained  must  be  added 
to  that  previously  separated  from  the  slag  by  pouring. 

A  good  regulus  should  be  reddish-brown  in  colour,  slightly  convex  on 
its  upper  surface,  very  much  fissured,  and  easily  reduced  to  powder. 
When  the  regulus  is  too  coarse  it  is  more  or  less  flat  and  is  often  vesi- 
cular on  its  upper  surface ;  it  is  also  comparatively  hard,  and  varies  in 
colour  from  iron-grey  to  brass-yellow.  When  a  coarse  regulus  has  been 
obtained  there  is  but  little  fear  of  the  slag  retaining  copper,  but  the  cal- 
cination of  the  regulus  is  not  so  readily  effected.  When  the  ore  operated 
on  is  very  poor,  it  is  sometimes  desirable  to  obtain  a  coarse  regulus  in 
order  to  insure  the  complete  separation  of  the  copper. 

When  regulus  is  too  fine,  the  button  is  more  or  less  spherical,  and  is 
smooth,  bright,  and  semi-metallic  in  appearance.  Externally  its  colour  is 
nearly  black,  but  when  freshly  broken  the  fractured  surface  is  of  a  dark 
bluish-grey  colour,  and  presents  a  very  compact  structure.  Such  a 
regulus  is  more  difficult  to  calcine  than  one  which  is  not  so  fine,  and 
there  is  also  in  such  cases  danger  of  the  slags  retaining  a  certain  amount 
.  of  copper. 

2.  Calcinaiion  of  the  Regulus, — The  regulus  is  first  reduced  to  a  fine 
powder  in  an  iron  or  bronze  mortar ;  after  its  removal  a  little  coke-dust 
is  rubbed  down  in  the  mortar  for  the  purpose  of  removing  the  last 
particles  and  is  added  to  the  powdered  regulus.     In  this  finely  divided 
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state  the  mixture  is  introduced  into  one  of  the  smaller  or  middle-sized 
crucibles,  according  to  the  quantity  of  regulus  to  be  operated  on,  and 
several  calcinations  are  carried  on  in  the  furnace  at  the  same  time.  The 
furnace  is  filled  with  fresh  fuel  to  within  a  short  distance  of  the  top,  and 
the  crucibles  are  arranged  upon  it  with  a  slight  inclination  forward,  so 
that  air  may  readily  pass  over  the  surface  of  the  powdered  regulus.  A 
round  stirring-rod  of  wrought-iron,  about  -^ths  of  an  inch  in  diameter, 
flattened  at  one  end  to  a  chisel-edge,  and  having  a  ring  turned  at  the 
other,  is  inserted  into  each  crucible  ;  when  not  held  in  the  hand,  these 
are  allowed  to  lean  against  a  support  in  order  that  they  may  be 
retained  in  their  positions.  The  calcination  is  commenced  at  a  dull-red 
heat,  which  is  gradually  increased  to  bright  redness,  in  proportion  as  the 
contents  of  the  crucible  are  enabled  to  bear  it,  without  becoming  agglo- 
merated. The  time  necessary  for  complete  calcination  is  usually  about 
half  an  hour ;  stirring  must  be  constantly  kept  up  during  the  first  fifteen 
or  twenty  minutes,  after  which  it  need  only  be  occasional.  When 
clotting  occurs,  the  regulus  must  be  removed  from  the  crucible,  ground 
with  a  little  coke-dust,  and  again  calcined ;  if,  however,  agglomeration, 
to  any  considerable  extent,  has  taken  place,  it  is  better  to  throw  away  the 
assay  and  begin  afresh.  The  calcination  is  complete  when  the  odour  of 
burning  sulphur  is  no  longer  evolved,  and  the  sample  is  then  said  to  have 
been  roasted  gtoeet  When  this  occurs,  the  crucible  and  rod  are  removed 
from  the  fire,  and  when  cold,  any  portion  adhering  to  the  rod  is  carefully 
scraped  o£f  into  the  crucible.  The  same  crucible  is  employed  for  the 
subsequent  fusion.  The  calcination  both  of  the  raw  ore  and  regulus  is 
sometimes  conducted  in  a  scorifier  heated  in  a  muffle-furnace ;  calcination 
is  more  readily  effected  by  this  means  and  the  operation  is  much  expe- 
dited, but  in  Cornwall  it  is  almost  universally  performed  in  crucibles. 

3.  Fusion  for  Coarse  Copper. — ^The  flux  employed  for  this  operation 
is  usually  a  mixture  of  tartar  and  nitre  in  such  proportions  that  the  tartar 
is  in  excess  of  the  amount  required  to  make  carbonate  of  potassium  by 
ignition  with  the  latter.  In  addition  to  this  some  assayers  add  borax, 
others  use  pounded  glass,  some  use  neither,  while  many  employ  common 
salt  In  the  metallurgical  laboratory  of  the  Hoyal  School  of  Mines  a 
mixture  of  tartar  or  charcoal  with  sodium  carbonate  is  employed,  but  the 
amount  required  will  of  course  depend  on  the  weight  of  calcined  regulus 
to  be  treated ;  the  addition  of  an  excess  will  not,  however,  be  attended 
with  serious  inconvenience.  A  mixture  of  50  grains  of  nitre,  180  of 
tartar,  and  36  of  borax,  is  sufficient  for  the  reduction  of  a  calcined 
regulus  weighing,  previously  to  roasting,  from  48  to  50  grains.  For  a 
button,  weighing  from  90  to  100  grains,  85  grains  of  nitre,  220  of  tartar, 
and  50  of  borax  should  be  employed.  These  amounts  are  not,  however, 
weighed,  since,  with  practice,  it  becomes  easy  to  measure,  with  sufficient 
accuracy,  the  quantities  required. 

The  calcined  regulus  is  mixed  with  proper  fluxes  in  the  crucible 
employed  for  its  calcination,  and  is  then  introduced  into  a  fire  of  coke 
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heated  to  bright  redness ;  fusion  takes  place  in  from  ten  to  fifteen  minutes, 
and  as  soon  as  the  effervescence  ceases  the  melted  contents  are  poured 
into  a  mould.  When  the  slag  has  become  set,  the  assay  can  be  cooled 
by  being  dipped  into  water,  or  it  may  be  allowed  to  remain  in  the  mould 
until  sufficiently  cold  to  handle.  The  slag  should  be  black  and  glassy, 
and  neither  it  nor  the  inside  of  the  crucible  should  present  any  streaks 
or  patches  of  red,  due  to  the  presence  of  copper.  These  slags  axe  re- 
tained for  subsequent  fusion,  although  in  many  cases  they  are  practically 
free  from  copper. 

4.  Refining. — ^The  crucible  employed  in  the  previous  operation  is 
placed  well  down  among  the  coke  in  the  assay-furnace,  in  such  a  position 
as  to  be  directly  under  the  line  of  junction  of  the  two  bricks  forming  the 
cover,  and  when  it  has  become  red  hot  the  button  of  coarse  copper  is 
dropped  into  it.  The  furnace  is  now  nearly  closed,  and  the  operation 
closely  watched  through  the  opening  between  the  brick&  Fusion  is  soon 
effected  and  a  slight  evolution  of  gas  takes  place  from  the  dull  surface  of 
the  metal.  After  the  expiration  of  a  short  time  the  film  of  oxide  begins 
rapidly  to  disappear  from  the  surface  of  the  button,  which  becomes  pe^ 
fectly  bright  at  the  edges,  and  reflects  a  bluish-green  light  from  its  centre, 
producing  the  aj^earance  technically  known  as  the  "eye"  or  "star." 
Some  refining  flux,i  or  refining  flux  and  salt,  previously  placed  in  a  copper 
scoop  ready  for  immediate  use,  is  now  introduced  upon  the  top  of  the 
fused  button,  and  the  furnace  is  again  closed.  In  about  two  minutes 
after  the  introduction  of  the  flux  the  crucible  is  withdrawn  from  the  fire 
and  its  contents  rapidly  poured  into  a  mould.  When  it  has  sufficiently 
set,  the  button,  which  is  covered  with  slag,  is  removed  between  the  jaws 
of  a  pair  of  forceps  and  held  with  its  lower  side  beneath  the  surface  of 
the  water  in  the  regulus-pan ;  by  this  means  the  slag  is  easily  detached. 
The  whole  operation  of  refining  does  not  usually  occupy  above  seven 
minutes.  The  button  of  copper  when  fine  is  nearly  flat  and  has  its  upper 
surface  coated  with  a  thin  film  of  an  orange-red  colour.  The  metal  in 
this  condition  is  soft,  malleable,  and  tough,  breaking  with  difficulty,  and 
presenting  a  closely  fibrous  fracture.  It  is,  however,  more  commonly 
somewhat  dri/y  presenting  a  slight  depression  on  its  upper  surface,  and 
when  broken  exhibiting  a  granular  fracture  which  has  a  purple  tint 
When  not  sufficiently  refined,  the  button,  both  externally  and  when 
broken,  presents,  to  a  certain  extent,  the  appearance  of  coarse  copper ; 
in  this  case  refining  must  be  repeated.  Salt  is  generally  used  in  refining, 
as  it  not  only  checks  the  too  rapid  action  of  the  refining  flux,  but  also 
probably  aids  in  the  separation  of  antimony,  arsenic,  &a 

5.  Treatment  of  the  Slags  for  Copper, — The  slags  resulting  from  the 
operations  of  reducing  and  refining  are  subsequently  treated  by  fluxing 
with  a  couple  of  spoonfuls  of  tartar  or  a  little  powdered  charcoal  By 
this  means  the  copper  retained  by  the  slags  wUl  assume  the  form  of  a 

^  Made  by  igniting  together  three  volumes  of  tartar,  two  volumes  of  nitre,  and  a 
small  quantity  of  salt. 
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small  button  or  jpriU,  the  weight  of  which  must  be  added  to  that  of  the 
principal  button.  The  prill  obtained  usually  weighs  from  1  to  5  grains, 
according  to  the  nature  of  the  assay  and  the  skill  of  the  operator. 
Cornish  assayers  refine  the  copper  thus  obtained  from  re-melting  the 
slags,  but  the  quantity  is  often  so  small  that  the  error  resulting  from 
omitting  this  operation  would  practically  be  unimportant. 

Gbrman  Method  of  Assaying. — The  method  of  conducting  copper 
assays  in  some  of  the  smelting  establishments  of  Central  Europe  differs 
in  several  particulars  from  that  adopted  in  this  country,  and  the  results 
obtained  are  stated  to  be  somewhat  higher. 

The  apparatus  employed  consists  of  an  ordinary  muffle -furnace; 
small  egg-shaped  crucibles  provided  with  a  foot;  scorifiers  of  fire-clay 
about  2^  inches  in  diameter,  and  an  assortment  of  tongs,  hammers,  &c. 
In  addition  to  borax,  salt,  glass,  powdered  charcoal,  and  graphite, 
metallic  lead  is  also  employed;  black  flux,  prepared  by  deflagrating  a 
mixture  of  two  parts  of  crude  tartar  and  one  of  nitre,  is  used  as  the 
reducing  agent. 

The  process  includes  the  three  following  operations : — 

1.  Boasting;  calcining. 

2.  Melting  for  coarse  copper. 

3.  Refining. 

1.  Roading  ;  Calcining. — About  4  grammes  of  dry  ore  are  weighed 
out,  mixed  with  one  gramme  of  powdered  graphite,  and  spread  upon  the 
bottom  of  a  scorifier.  This  is  introduced  into  a  heated  muffle  and  is 
almost  continuously  stirred  during  fifteen  or  twenty  minutes,  after  the 
lapse  of  which  time  sulphurous  fumes  should  be  no  longer  given  off. 
The  scorifier  is  then  remo¥ed  from  the  muffle  and  allowed  to  cool,  the 
assay  carefully  brushed  from  it  into  a  bronze  or  cast-iron  mortar,  where 
it  is  finely  ground,  and,  after  being  again  mixed  with  1  gramme  of 
pulverized  graphite,  it  is  subjected  to  a  second  calcination  similar  to  the 
first.  At  the  expiration  of  about  fifteen  minutes  the  mass  will  have 
generally  assumed  a  reddish-brown  appearance,  and  the  evolution  of 
sulphurous  fumes  will  be  no  longer  perceived. 

When  either  lead  or  antimony  is  present  in  an  ore,  the  roasting 
requires  to  be  conducted  with  considerable  care,  since  if  the  assay  were 
too  strongly  heated  its  surface  would  become  fused,  and  its  further 
calcination  materially  interfered  with. 

2.  Melting  for  Coarse  Copper. — ^After  roasting,  the  metals  in  the  assay 
will  be  principally  in  the  state  of  oxides,  and  the  object  of  the  fusion, 
which  now  follows,  is  to  coUect  the  whole  of  the  copper  in  the  metallic 
form,  while  the  principal  portion  of  the  metals  with  which  it  is  associated 
passes  into  the  slag  as  silicates.  The  calcined  ore  is  carefully  removed 
from  the  scorifier  or  roasting-dish,  and  is  mixed  in  a  mortar  with  from 
3  to  3  J  grammes  of  black  flux ;  this  mixture  is  introduced  into  the 
crucible,  and  upon  it  are  placed,  without  mixing,  8  or  9  additional 
grammes  of  black  flux ;  on  this  are  placed  1 J  to  2  grammes  of  powdered 
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glass  and  1  gramme  of  borax.  Instead  of  black  flux,  a  mixture  of  one 
hundred  parts  of  carbonate  of  potassium  with  from  ten  to  tweWe  parts 
of  wheaten  flour  may  be  employed.  The  whole  is  covered  by  a  layer 
of  from  8  to  12  grammes  of  common  salt,  and  lastly,  a  piece  of  charcoal 
of  the  size  of  an  ordinary  bean  is  added*  The  crucible  is  now  covered 
and  placed  in  the  muflle,  where  it  is  gradually  raised  to  a  white  heat, 
the  fusion  being  completed  in  about  thirty  or  thirty-five  minutes. 
When  complete  fusion  has  been  effected,  and  the  slag  is  in  a  perfectly 
liquid  state,  the  crucible  is  withdrawn  from  the  muffle,  and,  after  being 
allowed  to  cool,  is  broken  and  the  button  of  metal  extracted.  This  must 
not  be  covered  by  a  crust  of  sulphides,  and  the  slag  should  be  glassy, 
and  of  a  dark-green  colour,  without  any  traces  of  red. 

3.  Refining, — ^As  in  the  case  of  the  Cornish  assay,  this  process  has 
for  its  object  the  removal  from  the  copper  of  the  various  other  metals  by 
which  it  is  contaminated.  In  order  to  effect  this,  advantage  is  taken  of 
the  property  possessed  by  copper  of  remaining,  practically,  unchanged 
when  exposed  in  a  fused  state  to  the  action  of  a  current  of  air,  so  long  as 
a  more  oxidizable  metal  is  present.  The  metals  thus  oxidized  in  the 
presence  of  borax,  which  is  added  for  that  purpose,  are  taken  up  and 
carried  off  as  a  fusible  slag.  The  scorifier  employed  for  refining  the 
coarse  copper  often  consists  of  a  fragment  broken  from  the  side  of  a 
pot  in  which  a  fusion  has  been  sdready  effected ;  in  this,  which  has  been 
previously  heated  to  bright  redness  in  the  muffle,  is  placed  the  button 
of  copper  to  be  refined,  wrapped  in  paper  with  its  own  weight  of  borax. 

As  soon  as  the  copper  shows  a  convex  perfectly  clear  surface,  and  is 
surrounded  by  a  thinly  fluid  ring  of  borax,  the  mouth  of  the  muffle  is 
opened,  and  a  current  of  air  allowed  to  play  over  its  surface.  If  the 
surface  of  the  copper  be  not  clear,  but  is  covered  with  a  black  coating, 
at  the  time  the  muffle  is  at  a  white  heat,  a  further  addition  of  borax  must 
be  made.  Should  this  not  result  in  the  production  of  a  bright  surface, 
a  small  piece  of  lead  must  be  dropped  into  the  scorifier  and  the  heat 
of  the  furnace  increased  to  its  maximum.  When  the  button  of  coarse 
copper  is  very  impure  and  does  not  contain  much  above  one-half  its 
weight  of  pure  copper,  it  must  be  first  placed  on  the  scorifier  with 
borax  only,  the  lead  being  added  towards  the  close  of  the  operatioa  A 
small  portion  of  the  lead  thus  added  escapes  in  the  form  of  fume,  while 
the  greater  part  passes  into  the  slags.  Arsenic  is  to  a  very  great  extent 
volatilized,  but  a  portion  is  retained  in  the  slag.  The  removal  of  nickel 
by  scorification  is  extremely  difficult  and  necessitates  a  large  addition  of 
lead,  which  results  in  a  loss  of  copper. 

When  the  copper  has  become  fine  it  brightens  like  silver,  but  less 
distinctly.  Care  must  be  taken  that  the  temperature  of  the  muffle  at  the 
moment  of  brightening  does  not  much  exceed  that  at  which  pure  copper 
solidifies.  The  assay,  which  in  brightening  exhibits  a  peculiar  greenish 
light,  is  now  removed  from  the  furnace,  cooled,  quenched  in  water,  freed 
from  slag,  and  weighed.     A  good  assay  button  is  exteriorly  of  a  pure 
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copper-colour,  is  ductile,  uniformly  granular,  and  rose-red  in  the  fracture. 
When  a  button  has  not  been  sufficiently  refined  it  is  externally  red,  but 
its  fracture  is  grey ;  an  over-refined  button  is  dark  red  on  the  surface 
and  brittle,  the  fracture  being  rather  smooth  than  granular. 

Refining  on  the  cupel  is  in  use  in  some  of  the  smelting-works  of  the 
Harz;  it  is  not  more  accurate  than  the  above,  although  perhaps  more 
suitable  for  copper  containing  large  quantities  of  lead. 

Wbt  Absat  op  Copper  Ore& — Frboipitation  by  Metallio  Zino  or 
Iron. — This  method  of  estimating  copper  is  especially  adapted  for  ores 
containing  little  or  no  arsenic,  and  consists  in  attacking  the  mineral  to 
be  examined  by  a  mixture  of  nitric  and  hydrochloric  acids,  the  sub- 
sequent expulsion  of  the  nitric  acid,  and  lastly,  the  precipitation  of  the 
copper  from  its  chloride,  by  metallic  zinc  or  iron. 

The  mineral  to  be  operated  on  must  be  first  ground  and  passed 
through  a  fine  sieve.  Of  this  powder,  100  grains  are  weighed  and  intro- 
duced into  a  narrow-necked  flask  of  German  glass.  Nitric  acid  is  now 
cautiously  added,  and  the  flask  gently  warmed  on  a  sand-bath ;  since  if 
it  were  too  suddenly  heated,  or  too  large  a  quantity  of  acid  were  added 
at  a  time,  violent  ebidlition  might  ensue,  and  a  loss  on  the  assay  be  the 
result. 

When  the  evolution  of  nitrous  vapours  entirely  ceases,  or  they  become 
much  diminished  in  quantity,  add  gradually  hydrochloric  acid,  place  the 
flask  in  an  inclined  position  on  the  sand-bath,  and  cause  its  contents  to 
boil  gently.  This  must  be  continued  until  the  residue,  if  any  remain, 
appears  to  be  free  from  metallic  stains. 

The  contents  of  the  flask  must  now  be  carefully  transferred  to  a 
porcelain  dish  and  evaporated  to  dryness,  with  the  usual  precautions. 
When  sufficiently  cool,  moisten  the  residue  with  hydrochloric  acid,  heat 
gently,  and  afterwards  add  water,  boil,  and  filter  into  a  beaker. 

A  piece  of  zinc  or  polished  wrought-iron,  about  2  inches  in  length, 
}  inch  in  vridth,  and  ^  inch  in  thickness,  is  now  attached  to  a  string  and 
lowered  to  the  bottom  of  the  beaker.  It  is  essential  to  the  success  of 
this  operation  that  the  whole  surface  of  the  metal  should  be  completely 
covered  by  the  liquid,  otherwise  a  portion  of  the  precipitate  would 
become  oxidized  and  the  residts  vitiated*  The  contents  of  the  beaker 
must  now  be  kept  in  gentle  ebullition  until  the  whole  of  the  copper 
present  has  been  thrown  down,  which  is  ascertained  by  the  liquor  becom- 
ing colourless.  This  may  be  confirmed  by  trying  a  drop  of  the  liquid  on 
the  surface  of  a  piece  of  clean  sheet-zinc,  or  by  the  blue  colour  produced 
by  the  addition  of  ammonia  in  excess  to  solutions  containing  copper. 

After  having  ascertained  that  the  whole  of  the  copper  has  been 
thrown  down,  carefully  clean  with  a  feather  the  piece  of  metal  which 
has  been  used  as  a  precipitant,  and  then  decant  off  the  supernatant  liquor 
by  the  aid  of  a  small  glass  syphon,  and  repeatedly  wash  with  warm 
water,  until  the  precipitated  copper  is  entirely  free  from  any  traces  of 
chloride  of  zinc  or  chloride  of  iron. 
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The  washing  water  is  finally  decanted,  leaving  the  precipitated  copper 
in  the  bottom  of  the  beaker,  which  is  now  placed  in  a  water-bath  or  in  a 
warm  place  near  a  furnace,  until  it  has  become  completely  dried. 

In  this  operation  it  is  necessary  to  so  regulate  the  heat  as  to  prevent 
the  oxidation  of  the  copper,  by  which  the  accuracy  of  the  result  would 
be  impaired. 

The  copper  thus  obtained  is  subsequently  brushed  into  a  watch-glass, 
by  the  aid  of  a  camel-hair  brush,  and  weighed ;  on  deducting  from  this 
weight  the  tare  of  the  watch-glass,  the  residt  represents  the  percentage 
of  copper  present. 

When  the  mineral  operated  on  contains  either  lead  or  antimony,  no 
appreciable  trace  of  these  metals  will  be  found  in  the  copper  precipitated. 
If  large  quantities  of  lead  be  present,  it  is^  however,  best  to  add  sulphuric 
acid  or  sodium  sulphate,  and  to  filter  previous  to  the  i)Tecipitation  of  the 
copper. 

If  no  perceptible  oxidation  of  the  precipitated  copper  has  taken  place, 
its  weight  will  sufficiently  indicate  the  produce  of  the  ore;  it  is,  however, 
safer  to  check  the  result  so  obtained  by  converting  the  metallic  copper 
into  cupric  oxide,  from  the  weight  of  which  the  yield  of  the  ore  is 
readily  calculated.  The  conversion  of  the  finely  divided  copper  into 
cupric  oxide  may  be  effected  by  exposing  it  to  a  red  heat,  in  an  uncovered 
porcelain  crucible,  until  its  weight  becomes  constant ;  or  the  copper  may 
be  transformed  into  nitrate  by  the  addition  of  a  few  drops  of  nitric  acid, 
and  cupric  oxide  obtained  by  subsequent  ignition.  As  this  oxide  is 
highly  hygroscopic  it  must  be  weighed  rapidly,  and  while  still  warm. 

More  accurate  results  may,  however,  be  obtained  by  dissolving  the 
precipitated  copper,  and  estimating  its  amount  by  one  of  the  following 
volumetric  methods. 

By  Potassium  Cyanide. — This  method  of  estimating  copper  was  first 
made  known  by  Mr.  Henry  Parkes  in  1851,  and  is  one  of  the  most 
convenient  and  accurate  of  the  various  processes  for  assaying  copper 
ores  by  means  of  standard  solutions.  This  process  depends  on  the  cir- 
cumstance that  when  cyanide  of  potassium  is  added  to  a  blue  ammoniacal 
solution  of  copper,  the  latter  gradually  loses  its  colour  and  finally  becomes 
colourless.  Tiie  amount  of  cyanide  necessary  to  discharge  the  whole  of 
the  colour  from  an  ammoniacal  solution  is^  all  other  circumstances  being 
the  same,  directly  in  proportion  to  the  quantity  of  copper  present ;  it  is 
consequently  easy,  by  means  of  comparative  experiments,  to  establish  a 
standard  by  which  the  amount  of  copper  in  a  given  weight  of  ore  may 
be  determined. 

The  only  apparatus  required  is  an  ordinary  Mohr's  burette  of  50  c.(x 
capacity  and  18  inches  in  length;  this  is  supported  vertically  by  a 
wooden  stand,  which  admits  of  its  being  either  raised  or  lowered  by 
means  of  arms  with  screws  sliding  upon  an  upright  pillar.  A  great 
number  of  assays  may  be  conducted  at  one  time  by  the  same  person  by 
the  aid  of  a  series  of  such  burettes  arranged  on  a  stand  and  supplied 
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with  the  same  titrated  solution.  Where  a  large  number  of  assays  haye 
to  be  made  daily,  the  burettes  may  be  connected  with  a  large  stoneware 
or  glass  jar,  supported  on  a  convenient  shelf,  containing  the  titrated 
solution,  with  which  they  are  filled  by  syphons  connected  with  the 
bottom  of  each,  by  glass  T-pieces  and  indiarubber  tubes  provided  with 
spring  clips. 

The  best  cyanide  for  this  purpose  is  that  known  as  photographic 
cyanide,  as  solutions  prepared  from  it  may  be  kept  a  long  time  without 
becoming  either  discoloured  or  muddy.  To  prepare  a  standard  solution, 
260  grammes  of  photographic  cyanide  may  be  dissolved  in  4  litres  of 
distilled  water;  this  liquid  should  be  kept  in  green-glass  bottles  free 
from  lead.  The  solution  is  standardized  as  follows :  about  1  gramme  of 
chemically  pure  and  perfectly  clean  copper  is  dissolved  in  dilute  nitric 
acid,  and  the  solution  boiled  until  all  nitrous  fumes  have  been  expelled ; 
it  is  then  diluted  with  water,  and  ammonia  in  excess  added.  The  blue 
solution  thus  obtained  is  made  up  to  750  c.c.  and  divided  into  three  equal 
portions  of  250  cc.  each.  The  burette  is  now  filled  to  the  level  of  the 
uppermost  division  with  the  standard  solution  of  cyanide  of  potassium, 
and  as  soon  as  the  copper  solution  has  become  quite  cold,  the  beaker 
containing  it  is  placed  under  the  burette,  and  the  cyanide  of  potassium 
is  run  into  it  in  small  quantities  at  a  time,  care  being  taken  towards  the 
close  to  avoid  the  addition  of  the  smallest  quantity  more  than  is  neces- 
sary. The  cyanide  solution  is  finally  introduced  by  successive  small 
additions  until  the  blue  colour  has  been  completely  discharged,  and  has 
been  replaced  by  a  very  faint  tint  of  violet.  The  number  of  divisions 
necessary  for  the  decoloration  is  now  read  off  and  noted,  and  the  second 
and  third  portions  of  the  copper  solution  proceeded  with  in  the  same 
manner.  The  mean  of  the  three  results  is  taken,  and  from  it  is  calcu- 
lated the  amount  of  copper  corresponding  to  each  cc.  of  the  cyanide 
solution  used.  With  the  proportions  above  specified  it  will  be  found  that 
about  145  cc.  are  equal  to  1  gramme  of  copper.  The  above  is  the  average 
strength  of  the  solution  employed  in  the  various  copper-works  in  which 
that  metal  is  extracted  by  the  wet  process  from  burnt  Spanish  pyrites. 
For  the  assay  of  richer  ores  a  standard  solution  of  twice  the  above 
strength  may  be  conveniently  employed.  For  practical  purposes  the 
standard  wiH  not  require  to  be  checked  more  frequently  than  once  a 
-week. 

In  order  to  make  an  assay  by  this  process,  a  weighed  quantity  of 
copper  ore  may  be  placed  in  a  flask,  moistened  with  sulphuric  acid,  and 
nitric  acid  added.  The  whole  is  now  digested  at  a  gentle  heat,  with  the 
occasional  addition  of  nitric  acid,  until  coloured  nitrous  fumes  are  no 
longer  evolved.  As  soon  as  the  ore  has  been  completely  decomposed, 
the  contents  of  the  flask  are  transferred,  without  filtration,  to  a  beaker  of 
convenient  size,  diluted  with  distilled  water  to  about  300  cc,  and  excess 
of  ammonia  added.  The  intensely  blue  solution  thus  obtained  is  allowed 
to  become  cold,  and  the  separated  ferric  hydrate  falls  to  the  bottom, 
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where  the  insoluble  gangue  has  already  collected.  Without  separating 
these,  the  standard  solution  of  potassium  cyanide  is  gradually  and  cau- 
tiously added,  with  occasional  stirring  of  the  solution,  until  the  blue 
colour  has  entirely  disappeared  and  has  been  replaced  by  a  faint  violet 
tint  The  number  of  divisions  necessary  to  produce  this  effect  are  read 
off,  and  from  the  quantity  of  solution  employed  the  percentage  of  copper 
contained  in  the  ore  is  calculated.  The  method  of  doing  this  will  be 
readily  understood  by  the  aid  of  the  following  example  : — 

145  divisions  of  the  burette  equal  1  gramme  of  copper ;  2  grammes  of 
copper  ore  require  30  divisions  for  decoloration  ;  consequently 

Divisions.        Divisiona.  Ck>pper.  Copper. 

145         :        30  1-0         ;        02069 

0-2069  X  -J?  =  10-345  per  cent 

When  a  sulphurous  ore  is  operated  on,  it  will,  in  the  majority  of  cases, 
be  completely  oxidized  by  a  mixture  of  sulphuric  and  nitric  acids  ;  but 
should  any  globules  of  sulphur  remain,  they  may  be  taken  out  after  the 
dilution  of  the  solution,  ignited,  and  the  residue  attacked  by  nitric  acid 
and  added  to  the  copper  already  dissolved.  The  attack  of  some  varieties 
of  ore  is  best  made  by  aqua  regia. 

Owing  to  the  influence  exercised  by  varying  quantities  of  ammonia 
and  of  ammonium  salts  upon  the  decoloration  of  copper  solutions  by 
potassium  cyanide,  it  is  necessary  that  both  the  test  solution,  originally 
prepared,  and  the  various  cupreous  solutions  subsequently  assayed,  should 
contain,  as  nearly  as  possible,  equal  amounts  of  ammonia.  The  presence 
of  ferric  hydrate  imparts  a  greenish  tint  to  the  ammoniacal  solution,  and 
its  proper  shade  is  best  observed  by  placing  the  eye  on  a  level  with  the 
top  of  the  liquid. 

Iran. — ^This  metal,  in  the  state  of  ferric  hydrate,  does  not  interfere 
with  the  results,  excepting  that  it  takes  some  time  to  settle  after  the 
stirring  which  accompanies  each  addition  of  the  standard  solution ;  its 
effect  is  consequently  only  to  slightly  increase  the  time  occupied  in 
making  an  assay. 

Zjead  and  bismuth  are,  likewise,  without  effect  upon  the  result. 

Arsenic  does  not  interfere  with  the  results  excepting  in  the  presence 
of  iron,  when  it  forms  an  arsenate  giving  rise  to  a  brownish  tinge  in 
the  liquid.  The  removal  of  the  arsenic  may  be  effected  by  adding  mag- 
nesium sulphate  in  excess.  As  soon  as  a  precipitate  is  no  longer  formed, 
and  the  solution  has  acquired  its  characteristic  blue  colour,  the  assay 
luay  be  proceeded  with  in  the  usual  manner. 

Manganese  is  not  often  found  in  copper  ores  in  sufficient  quantities 
to  materially  affect  the  results.  When  present,  it  may  be  completely 
removed  by  adding  to  the  ammoniacal  solution  sodium  carbonate,  with  a 
few  drops  of  bromine,  and  boiling;  it  will  thus  be  precipitated  as  man- 
ganic oxide,  and  when  the  cupreous  solution  has  become  cold  the  assay 
may  be  proceeded  with  as  though  the  ore  had  not  contained  mangaoese. 
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Silver. — Should  this  metal  be  contained  in  the  ore  in  such  quantity 
as  to  exercise,  practically,  any  influence  on  the  assay,  it  may  be  removed 
by  adding  a  few  drops  of  hydrochloric  acid  to  the  solution,  and  Altering 
before  the  addition  of  ammonia ;  it  is  evident  that  when  hydrochloric 
acid  has  been  used  for  the  attack,  silver  cannot  exist  in  notable  quantity 
in  the  resulting  liquor  after  dilution. 

ZinCj  Ntckelf  and  Cobalt. — ^These  metals  would,  if  present,  render  the 
results  obtained  utterly  unreliable,  and  in  such  cases  the  copper  must  be 
first  separated  by  precipitation.  This  may  be  effected  by  means  of  a 
piece  of  either  zinc  or  iron,  in  the  way  already  described,  care  being  taken 
that  nitric  acid  is  not  present.  The  precipitate  thus  obtained  is  subse- 
quently dissolved  in  nitric  acid,  and  the  amount  of  copper  present  deter- 
mined by  the  cyanide '  solution  in  the  usual  way.  Instead  of  precipi- 
tating the  copper  in  the  metallic  state,  it  may  be  thrown  down  as  sulphide 
by  sulphuretted  hydrogen,  and  the  sulphide  re-dissolved  and  subsequently 
estimated  by  potassium  cyanide.  Sodium  hyposulphite  may  also  be 
employed  as  the  precipitant. 

By  a  Standard  Solution  op  Sodium  Htposulphitb. — This  process, 
which  has  long  been  employed  at  the  Royal  Arsenal,  Woolwich,  for  the 
estimation  of  copper  in  various  alloys,  was  first  described  by  Mr.  E.  O. 
Brown. ^  It  is  especially  adapted  for  the  estimation  of  copper  in  various 
descriptions  of  commercial  copper  and  bronze,  in  which  lead  and  iron  are 
not  present  in  large  quantities.  This  process  is  founded  on  the  reaction 
taking  place  between  iodine  and  hyposulphurous  acid,  which  results  in 
the  production  of  hydriodic  and  tetrathionic  acids.  The  completion  of 
the  reaction  is  rendered  manifest  by  the  bleaching  effect  exercised  on  a 
solution  of  starch  added  during  the  progress  of  the  operation.  Slight 
differences  in  temperature  or  variations  in  the  details  of  manipulation  do 
not  materially  affect  the  results. 

The  following  reagents  are  required : — 

1.  A  solution  of  sodium  hyposulphite,  prepared  by  dissolving  1,000 
grains  of  the  re-crystallized  salt  in  a  Winchester  bottle  of  distilled  water, 
and  standardizing  with  pure  electrotype  copper,  the  mean  result  being 
taken  as  the  correct  standard. 

2.  Potassium  iodide,  free  from  potassium  iodates ;  this  may  be  used 
in  crystals. 

3.  A  solution  of  starch,  made  by  boiling  starch  in  a  large  quantity  of 
water,  allowing  it  to  stand  until  the  insoluble  residue  has  subsided,  and 
pouring  off  the  clear  supernatant  liquor  for  usa 

To  make  an  estimation  of  copper  by  this  process,  from  6  to  8  grains 
of  the  metal  or  aUoy  to  be  examined  are  dissolved  in  dilute  nitric  acid, 
and  nitrous  acid  expelled  by  boiling.  To  this  solution,  diluted  with 
a  small  quantity  of  water,  sodium  carbonate  is  gradually  added,  until  a 
eertoin  portion  of  the  copper  remains  precipitated.  An  excess  of  pure 
acetic  acid  is  then  added,  and  the  whole  transferred  to  a  flask  of  about  a 

1  *  Quart.  Jour.  Chemical  Sooiety,'  April  1857;  Percy, '  Metallurgy  of  Copper,'  p.  486. 
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pint  capacity.  About  60  grains  of  potassium  iodide  are  now  introduced, 
and  allowed  to  dissolve.  When  this  has  become  completely  dissolved, 
the  contents  of  the  flask  are  shaken ;  the  standard  solution  of  sodium 
hyposulphite  is  gradually  run  into  it  from  a  burette,  until  the  chief  portion 
of  the  free  iodine  has  been  removed,  and  the  liquid  has  assumed  a  yellow 
colour.  At  this  stage  a  small  quantity  of  starch  solution  is  added,  and 
the  introduction  of  sodium  hyposulphite  continued  until  the  solution 
becomes  colourless.  The  number  of  divisions  are  now  read  off  from  the 
burette,  and  from  the  quantity  of  standard  solution  employed  the  amount 
of  copper  is  calculated. 

For  copper  ores,  cupriferous  pyrites,  burnt  ores,  Ac.,  this  process  should 
be  slightly  modified.  From  50  to  150  grains  of  the  material  to  be  ope- 
rated upon  are  dissolved  in  nitro-hydrochloric  acid,  evaporated  to  dryness 
with  excess  of  sulphuric  acid,  diluted  with  water  and  filtered.  From  this 
solution  the  copper  is  precipitated  either  as  CuS,  by  hydrogen  sulphide, 
or  as  CujS,  by  sodium  hyposulphite,  the  precipitate  dried,  ignited,  dis- 
solved in  nitric  acid,  evaporated  with  excess  of  sulphuric  acid,  and  diluted 
with  water  to  remove  any  trace  of  load.  To  the  filtered  solution  sodium 
carbonate  in  excess  is  added,  and  subsequently  acetic  acid  to  acid  reaction. 
Potassium  iodide  is  now  introduced,  and  the  amount  of  copper  present 
calculated  in  the  usual  way. 

This  process  affords  exceedingly  accurate  results,  and  is  much  em- 
ployed for  the  assay  of  cupriferous  pyrites. 

Assay  by  Electrolysis. — In  order  to 
make  a  copper  assay  by  this  process,  from 
2  to  5  grammes  of  the  substance  to  be 
operated  upon,  according  to  its  richness, 
should  be  finely  pulverized  and  then  at- 
tacked by  aqua  regia.  When  effervescence 
has  subsided,  add  from  4  to  5  cc.  of  sul- 
phuric acid  diluted  with  an  equal  volume 
of  water;  evaporate  to  complete  dryness 
and  ignite.  The  sulphur  will  be  thus 
burnt  off,  and  the  residue  is  dissolved  by 
the  addition  of  20  cc  of  weak  nitric  acid 
and  boiling,  the  liquid  being  so  diluted  as 
to  measure  about  300  cc  Two  platinum 
electrodes  are  now  suspended  in  the 
filtered  solution,  namely,  the  spiral,  a,  fig. 
117,  in  connection  with  the  positive  pole, 
and  the  cone,  (,  connected  with  the  nega- 
tive pole,  either  of  a  Clamond  thermo- 
electric battery,  or  of  some  other  apparatus 
a'  capable  of  yielding  a  continuous  but  feeble 
current  of  electricity.  The  coil  of  pla- 
tinum wire,  a,  terminates  in  a  platinum  ring,  a\  supported  by  three 


-      + 


Fig.  117.— Spiral  and  Gone. 
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radial  wires,  fig.  118,  and  must  be  so  placed  as  to  occupy  a  central 
position  within  the  cona  Contact  between  any  portion  of  the  spiral 
or  ring  with  the  platinum  cone  would 
necessarily  prevent  a  deposit  of  copper 
from  taking  place. 

The  upper  part  of  the  platinum  cone 
should  project  slightly  above  the  surface  of 
the  liquid,  and  when  the  thermo-pile  of 
Clamond  is  employed,  complete  deposition 
of  the  copper  will  be  effected  in  about  six 
hours.  The  operator  will  consequently 
prepare    his    solutions   and    place   them,  Fig.  lis.— putinum  Ring, 

severally,  in  connection  with  a  suitable  battery  until  the  whole  of  the 
copper  has  been  deposited,  when  nothing  remains  to  be  done  beyond 
washing,  drying,  and  weighing  the  copper. 

In  this  way  six  or  more  different  assays  may  be  made  at  the  same 
time,  all  the  spirals  being  placed  in  communication  with  the  positive  pole 
of  the  battery  and  all  the  cones  connected  with  its  negative  pole. 

In  order  to  be  quite  certain  that  the  whole  of  the  copper  has  been 
deposited  upon  the  platinum  cones,  they  must,  before  being  withdrawn, 
be  lowered  until  they  are  completely  immersed  in  the  liquid.  If  after 
the  expiration  of  half  an  hour  no  coating  of  copper  has  been  deposited  on 
the  newly  submerged  surface,  it  may  be  concluded  that  the  whole  of  that 
metal  has  been  thrown  down. 

When  the  operation  is  terminated,  the  platinum  cones  are,  one  after 
another,  carefully  removed,  care  being  taken  to  preserve,  as  far  as  possible, 
connection  with  the  battery  while  they  are  being  severally  withdrawn 
from  the  liquid ;  any  loss  that  might  result  from  the  action  of  free  acid 
upon  80  large  a  surface  of  copper  being  thus  obviated. 

Each  cone,  upon  its  withdrawal  from  the  liquid,  is  first  well  washed 
with  distilled  water,  dried,  and  weighed.  As  the  exact  weight  of  each 
cone  was  accurately  determined  before  the  operation,  the  difference  be- 
tween the  two  weighings  gives  the  weight  of  copper. 

If  the  material  to  be  examined  is  an  alloy  containing  zinc,  the 
copper  is  completely  deposited  by  electrolysis  while  the  zinc  remains  in 
solution. 

When  arsenic  and  antimony  are  present,  they  are  precipitated  in  the 
metallic  state  upon  the  negative  electrode  in  the  form  of  a  black  deposit, 
which  does  not  begin  to  appear  until  the  whole  of  the  copper  has  been 
thrown  down.  If  either  of  these  metals  is  present,  the  ore  should  be 
carefully  roasted  before  being  attacked  by  acid,  and  the  cone  must  be 
removed  from  the  solution  on  the  first  appearance  of  a  dark  shade  over 
its  surfaca 

When  lead  is  present  in  a  solution,  it  is  deposited  chiefly  in  the  form 
of  plumbic  dioxide  on  the  positive  polo  ;  but  its  estimation  by  electro- 
lysis cannot  be  correctly  effected,  since  the  composition  of  the  deposit 
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obtained  is  not  sufficiently  constant  Instead  of  using  a  thermo-pile, 
any  sufficiently  constant  battery  or  a  properly  arranged,  dynamo  may  be 
employed, 

METALLURGY  OF  COPPER. 

A  considerable  proportion  of  the  ores  of  this  metal  consist  of  mix- 
tures of  various  sulphides,  and  all  the  ordinary  methods  employed  for 
their  metallurgical  treatment  are  largely  dependent  on  the  relative  affinity 
for  sulphur  and  oxygen  possessed  respectively  by  copper  and  the  different 
metals  with  which  it  is  associated.  Copper,  at  high  temperatures,  has 
a  stronger  affinity  for  sulphur  than  iron,  which  is  the  metal  with  which 
it  is  most  plentifully  found,  possesses  for  the  same  body.  Iron,  in  the 
presence  of  sulphur  and  oxygen,  appropriates  the  latter,  and,  uniting 
with  silica,  forms  a  liquid  slag ;  while  copper  and  sulphur,  combining, 
give  rise  to  a  fusible  sulphide  known  as  regulus  or  matte.  In  almost  all 
cases,  therefore,  the  treatment  of  copper  ores  consists  in  a  system  of 
alternate  roastings^  or  calcinations  and  fusions,  by  which  iron  is  gra- 
dually removed  as  silicate,  while  copper  is  progressively  concentrated  in 
a  series  of  sulphides,  gradually  increasing  in  richness. 
V  Any  oxide  of  copper  that  may  result  from  the  process  of  calcination 
is,  during  the  subsequent  fusion,  converted  into  sulphide  at  the  expense  of 
sulphide  of  iron ;  silicates  of  that  metal  and  copper  regulus  being  the 
result  The  siliceous  slag  thus  carries  off  the  larger  portion  of  the  iron 
originally  present  in  the  ore,  while  the  regulus  contains,  practically,  the 
whole  of  the  copper  in  a  concentrated  form.  This  product  is  again  sub- 
jected to  further  calcination,  and  afterwards  fused  with  siliceous  matter, 
preferably  associated  with  natural  oxides  or  carbonates  of  copper.  Another 
slag  is  thus  obtained  at  the  expense  of  the  chief  part  of  the  iron  retained 
in  the  first  regulus,  while  the  regulus  now  produced  is  much  richer  in 
copper  than  that  resulting  from  the  first  fusion.  Similar  operations  are 
repeated  until  impure  metallic  copper  and  a  liquid  slag  is  produced,  with, 
in  some  cases,  a  small  quantity  of  very  rich  regulus.  Any  regulus  thus 
obtained  is  subsequently  added  to  that  produced  from  similar  operations, 
and  consequently  the  final  result  will,  in  all  cases,  be  impure  metallic 
copper.  This  is  afterwards  rendered  ductile  and  malleable  by  a  process 
of  refining. 

The  processes  by  which  copper  is  obtained  from  its  ores  by  smelting 
vary  in  different  localities,  and  it  would  consequently  be  impossible  to 
describe  more  than  a  very  limited  number  at  such  length  as  to  render 
them  intelligible.  We  shall  therefore  confine  ourselves  to  a  general  descrip- 
tion of  the  most  important  methods,  each  of  which  may  be  regarded  as 
typical  of  the  class  to  which  it  belongs,  and  to  a  new  and  characteris- 

^  Copper-tmelten  in  this  oountry  make  a  dittmction  between  calcination  and  roast- 
ing, the  latter  term  being  hj  them  exdusively  applied  to  operations  of  the  character 
of  No.  y.  (p.  418).  This  difference  is  recognised  when  treating  of  the  Welsh  method 
of  copper-smelting,  but  in  all  other  portions  of  this  volume  the  terms  are  employed  u 
synonymous. 
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tic  process,  by  wliich  copper  mattes  are  rapidly  reduced  to  the  state  of 
blister- copper.     The  examples  chosen  for  this  purpose  are  : — 

1.  The  Welsh  method  of  copper-smelting,  as  formerly  conducted  in 
South  Wales  and  Lancashira 

2.  The  method  applied  to  the  treatment  of  cupriferous  schists  at 
Mansfeld,  Germany. 

3.  The  Manh^  method  of  copper-smelting,  as  carried  out  in  France.  I 
The  first)  in  a  modified  form,  is  employed  for  a  large  proportion  of 

the  copper^production  of  the  world,  and  is  specially  adapted  for  securing 
regularity  of  yield  and  the  best  commercial  results  from  ores  of  very  vary- 
ing percentage  and  composition. 

The  second  is  used  in  the  treatment  of  an  ore  which,  although  exceed- 
ingly poor  in  copper,  occurs  in  very  large  quantities,  contains  a  notable 
amount  of  silver,  and  never  varies  materially  in  composition.  The 
various  processes  employed  at  Mansfeld,  including  those  by  the  aid  of 
-which  the  extraction  of  silver  is  effected,  are  the  result  of  an  experience 
acquired  during  a  long  series  of  years  by  a  succession  of  carefully  trained 
superintendents,  and  the  whole  system  has  been  thus  brought  to  a  high 
degree  of  efficiency. 

The  third  method  of  copper-smelting  consists  in  smelting  for  matte 
in  a  blast-furnace,  subjecting  the  re-fused  sulphides  to  a  blast  of  compressed 
air  in  a  modified  Bessemer  converter,  and  refining  the  copper  produced 
in  the  usual  way. 

Welsh  Method  of  Copper-Smelting. 

The  ores  suitable  for  treatment  by  this  method  may  be  classified  as 
follows : — 

1.  Copper  pyrites,  with  iron  pyrites,  unmixed  with  either  oxide  or 
carbonate  of  copper ;  the  gangue  is  usually  siliceous. 

2.  Mixtures  of  various  sulphides  containing  less  iron  pyrites  than  the 
above,  with  small  proportions  of  native  metal,  and  of  the  oxides  and 
carbonates  of  copper ;  gangue  generally  quartzose. 

3.  Chiefly  oxidized  ores,  containing  inconsiderable  quantities  of  sul- 
phur ;  these,  for  the  most  part,  consist  of  a  mixture  of  oxides  and  car- 
bonates with  a  little  native  copper,  and  are  usually  accompanied  by  a 
siliceous  gangua 

The  processes  of  copper-smelting  are  varied,  in  accordance  with  the 
nature  of  the  ores  to  be  treated  and  the  quality  of  the  copper  it  is  desired 
to  produce ;  it  now  seldom  comprehends  more  than  six  distinct  opera- 
tions,  but  sometimes  less. 

Under  ordinary  circumstances  the  following  general  conditions  should 
be  observed  in  mniing  up  the  working  mixtures  : — 

a.  The  mixture  of  ores  operated  on  (Classes  1  and  2)  should  not  con- 
tain less  than  9  or  more  than  15  per  cent,  of  copper ;  if  poorer  than  the 
one,  the  amount  of  fuel  consumed  will  be  excessive,  and  if  richer  than  the 
other,  it  will  be  difficult  to  obtain  dean  slaga 

2  D 
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b.  The  furnace  mixture  should,  mfter  calcination,  fuse  readily,  and 
afford  a  clean  slag  without  the  addition  of  any  kind  of  flux. 

&  The  matte,  or  coarse-metal  resulting  from  the  fusion,  after  calcina- 
tion, of  the  furnace  mixture,  should  contain  from  35  to  39  per  cent  of 
copper. 

In  making  up  the  working  mixture,  oxides  and  carbonates  are  not 
generally  used,  but  they  are  subsequently  employed  at  yarious  stages  of 
the  treatment 

It  would  be  impossible  to  lay  down  any  invariable  rule  to  be  followed 
in  copper-smelting,  as  the  ores  and  other  cupriferous  materials  operated  on 
by  the  smelter  vary  so  considerably  in  character  that  his  operations  must, 
to  a  great  extent,  be  guided  by  his  personal  judgment  and  experience. 

Neglecting  small  quantities  of  various  substances  exercising  no  mate- 
rial influence  on  the  ultimate  results,  the  average  composition  of  the  ores 
smelted,  some  years  ago,  at  one  of  the  Swansea  works  was,  according 
to  Napier,  as  follows  : — 
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Of  late  years  the  very  large  quantities  of  foreign  ores,  copper-preci- 
pitate, and  rich  American  mattes  which  have  come  into  the  market, 
coupled  with  the  greatly  reduced  production  of  Cornish  ores,  has  materi- 
ally affected  the  details  of  copper-smelting  in  this  country.  Since,  by 
smelting  together  copper-precipitates  and  sulphurous  ores,  mattes  of  any 
degree  of  richness  can  be  produced,  the  necessity  for  calcination  has 
to  a  large  extent  disappeared,  and  there  are  now  copper-works  of  con- 
siderable importance  entirely  without  calciners. 

These  changes  in  the  nature  of  the  material  to  be  treated  tend  rather 
to  simplify  than  to  complicate  the  process  of  copper-smelting ;  but  it  will, 
nevertheless,  be  desirable  to  describe,  in  their  proper  sequence,  the 
typical  operations  constituting  the  Welsh  process,  although  certain  oi 
them  are  now  often  omitted. 

The  six  distinct  processes  constituting  the  old  Welsh  method  of 
copper-smelting  are  the  following : — 

L  Calcination  of  mixed  ores. 

n.  Fusion  of  calcined  ores  and  metal-slag  from  No.  IV.  Products, 
coarsfi-metal^  and  ore-funuice  dag,  mostly  thrown  away. 

III.  Calcination  of  crushed  coarse-motal. 

lY.  Fusion  of  calcined  coarse-metal  with  ores  belonging  to  Class  3, 
and  slags  from  operations  Y.  and  YI.  Products,  white^metal  or  pimpU' 
metal,  containing  from  76  to  79  per  cent  of  copper,  and  mdcdslagt 
melted  in  operation  II. 

Y.  Roasting  the  white-  or  pimple-metaL      Products,   blister<oppert 
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containing  about  99  per  cent  of  copper,  and  roaster-slagf  added  to  charge 
in  operation  lY. 

YL  Refining  and  toughening.  Products,  marketable  copper,  and 
refinen/-dag,  added  to  charge  in  operation  lY. 

Beverberatory  furnaces  are  exclusively  employed  in  the  Welsh  method 
of  smelting.     These  are  of  two  kinds  :  ealcinei's  and  7nelting-/umace$. 

L  Calcination  of  Mixed  Ores, — ^This  operation  is  conducted  in  a 
reverberatory  furnace,  one  of  the  forms  of  which  is  represented  in 
figs.  119  and  120;  the  first  being  a  longitudinal,  and  the  second  a 
horizontal  section,  above  the  fire-bridge,  on  the  line  A,  B,  fig.  119.  The 
hearth,  B,  which  is  16  feet  in  length  by  about  12  feet  6  inches  in  width, 
is  formed  of  fire-brick  grouted  with  fire-clay.  The  arch  descends  rapidly 
from  the  fire-place,  F,  to  the  apertures,  H,  by  which  the  gases  generated 
during  the  oxidation  of  the  ore,  together  with  the  products  of  combustion, 
pass  into  a  flue  in  connection  with  a  high  chimney.     Air  is  admitted, 


Fig.  119.— Galdnlng-Fumaoe ;  longitudinal  section. 

either  by  an  aperture,  d,  which  may  be  partially  or  entirely  closed,  or  by 
openings  in  the  fire-bridge,  which  is  sometimes  traversed  longitudinally 
by  a  channel  communicating  with  the  atmosphere.  Some  of  the  more 
modem  calciners  are  considerably  longer  in  proportion  to  their  width 
than  that  shown  in  the  woodcut,  and  have  a  false  arch  or  screen  extend- 
ing a  few  feet  from  the  fire-bridge  in  order  to  protect  the  ore  in  that 
part  of  the  furnace  from  becoming  too  highly  heated.  In  other  cases, 
calcination  is  effected  in  a  close-furnace  or  muffle,  and  the  sulphur  utilized 
for  the  manufacture  of  sulphuric  acid;  Furnaces  of  this  kind  employed 
in  copper-works  near  St.  Helens  are  fired  with  gas  and  provided  with 
Siemens'  regenerative  apparatus ;  the  results  are  stated  to  be  satisfactory. 
The  ordinary  calcining-furnace,  whatever  may  be  its  form,  is  provided 
with  rectangular  openings  or  doors,  a,  immediately  behind  which  are, 
usually,  openings,  6,  in  the  hearth.  During  the  time  the  furnace  is  at 
work  these  holes  are  closed  by  plates,  which  are  removed  at  the  dose  of 
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each  operation  in  order  to  aUow  of  the  roasted  charge  being  raked  into 
chambers,  C,  situated  beneath.  Iron  bearers  above  the  arch  of  the 
furnace  support  two  cast-iron  hoppers,  8,  in  which  is  placed  the  ore  to 
undergo  the  process  of  calcination.  These  are  provided  with  shding 
doors,  by  the  withdrawal  of  which  the  ore  may  be  caused  to  fall  directly 
upon  the  bottom  of  the  calciner. 

In  the  smelting-works  in  the  neighbourhood  of  Swansea  clinker  is 
generally  allowed  to  accumulate  in  the  fire-place  so  as  to  form  a  bed 
of  considerable  thickness,  and  upon  this,  which  is  kept  sufficiently  open 
to  allow  of  the  passage  through  it  of  the  necessary  amount  of  air  to 
sustain  combustion,  small  coal  is  burnt.     The  fuel  employed  is  often  a 


Fig.  120.— Calcining-Famnoe ;  section  on  A.  & 

mixture  of  free-burning  and  binding  coals,  in  the  proportion  of  about  two 
parts  of  the  former  to  one  of  the  latter. 

When  the  clinkers  have  become  raised  to  a  sufficient  height  from  the 
bars,  their  further  increase  is  prevented  by  occasionally  causing  the  fall 
of  the  lower  portions  by  the  use  of  a  long  iron  bar.  In  this  way  is 
formed,  throughout  the  mass,  a  sufficient  number  of  channels  to  jrield 
a  free  passage  to  the  air  necessary  for  combustion,  which,  in  passing 
through  the  interstices  of  the  heated  clinker,  acquires  a  considerable 
elevation  of  temperature ;  these  apertures,  although  sufficiently  numerous 
for  the  passage  of  air,  are  too  small  to  allow  the  fine  coal  or  dcuk  to 
descend  into  the  space  beneath.  The  oxygen  of  the  air,  which  has  be- 
come highly  heated  by  passing  through  the  bed  of  clinkers,  is,  on  travers- 
ing the  fuel,  principally  converted  into  carbonic  oxide,  which,  together 
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with  nitrogen  and  sundry  products  of  distillation,  passes  over  the  fire- 
bridge into  the  furnace.  Here  the  gas  takes  fire,  and  is  consumed  by  the 
air  entering  either  through  the  opening,  d,  or  through  the  fire-bridge,  as 
well  as  by  various  holes  left  in  the  doors,  by  which  the  lateral  openings 
are  closed  during  the  calcination.  In  this  way  the  whole  internal  cavity 
of  the  furnace  is  constantly  occupied  by  a  sheet  of  flame,  caused  by  ignited 
carbonic  oxide,  which  burns  on  coming  into  contact  with  a  stratum  of 
atmospheric  air  so  admitted  as  to  spread  immediately  over  the  surface  of 
the  hearth.  The  ore  is  consequently  exposed  to  a  current  of  air,  above 
which  is  a  parallel  sheet  of  burning  carbonic  oxide,  which  is  inflamed 
where  it  comes  in  contact  with  the  oxidizing  stratum,  and  thereby  affords 
the  heat  necessary  to  carry  on  the  operation. 

The  working  of  a  charge  of  ore  commences  without  any  interval  in 
the  action  of  the  furnace,  and  is  begun  immediately  after  the  withdrawal 
of  the  calcined  ores  resulting  from  the  preceding  operation.  The  charge 
varies  in  weight  from  3  to  4  tons,  and  is  introduced  by  withdrawing  the 
dampers  from  the  bottom  of  the  hoppers,  in  which  it  is  placed  during 
the  working  of  the  preceding  charge.  As  soon  as  it  has  been  let  down, 
it  is  spread  evenly  over  the  surface  of  the  hearth  by  long  iron  rakes, 
introduced  through  each  of  the  working-doors,  which  are  closed  when 
the  bottom  of  the  furnace  has  been  properly  covered.  After  the  expira- 
tion of  two  hours  the  doors  are  again  removed,  and  the  ore  is  stirred  with 
iron  paddles,  in  order  to  expose  new  surfaces  to  oxidizing  influences. 

This  operation  is  repeated  at  intervals,  and  after  the  expiration  of  from 
eighteen  to  twenty-four  hours  the  calcination  is  sufficiently  advanced. 
In  order  to  withdraw  the  charge,  the  workmen  open  the  working-doors, 
Oy  and  after  having  removed  the  plates  covering  the  openings,  e,  they 
draw  the  ore  through  the  apertures  with  iron  rakes,  and  cause  it  to  fall 
into  the  arched  chambers,  C,  from  which,  when  sufficiently  cooled,  it  is 
removed  and  charged  into  the  melting- furnace  employed  for  the  next 
operation. 

IL  Fusion  of  Calcined  Ores  with  Raw  Ores,  Slags,  4^c, — The  furnace 
in  which  this  operation  is  conducted  is  represented  in  figs.  121,  122,  and 
lias  a  hearth,  A,  about  14  feet  long  by  11  broad ;  the  first  of  these  figs. 
is  a  longitudinal,  and  the  second  a  horizontal  section.  The  fuel  employed 
in  South  Wales  often  consists  of  a  mixture  of  free-burning  and  caking 
coal,  consumed  on  an  open  fire-grate,  F.  In  Lancashire,  free-burning 
coal  only  is  used.  Sand  is  made  use  of  for  the  bottom  of  this  furnace, 
which  is  so  lowered  at  the  part  B  as  to  afford  a  sort  of  internal  basin. 
To  form  a  charge,  calcined  ore,  from  operation  L,  is  fused  with  slags 
from  operation  IV.,  the  products  obtained  being  a  regulus  known  as 
coarse-metal,  containing  from  35  to  39  per  cent,  of  copper,  and  are- 
furnace  dag,  which  is  thrown  away.  After  stopping  the  tap-hole,  a, 
with  a  mixture  of  clay  and  sand,  a  charge  weighing  about  2^  tons, 
frequently  composed  of  about  two-thirds  of  calcined  ore  and  one-third 
of  raw  ore  of  Class  2,  is  let  down  into  the  furnace  through  the  hopper, 
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H,  and  spread  evenly  over  the  bottom.  The  slag  is  thrown  in  through 
the  door,  dy  after  which  the  openings  are  closed  and  the  fire  is  made 
up.     The  operation  in  this  furnace  is  nsnally  effected  in  from  six  to 


Fig.  121.— Melting^Famace ;  longitudinal  section. 

seven  hours,  when  the  fused  mass,  consisting  of  melted  regulus  and  slag, 
is  well  stirred ;  after  this,  the  latter  is  skimmed  off  and  raked  through 
the  door,  d,  at  the  end  opposite  the  fire-place,  whence  it  falls  into  a  series 


Fig.  122.— Melting-Furnace ;  horizontal  section. 


of  open  sand-moulds,  M,  connected  by  a  central  channel,  where  it 
assumes  the  form  of  nearly  rectangular  blocks.  The  furnace  is  tiovr 
again  charged  with  a  mixture  of  calcined  ores  and  slags,  and  the  opers' 
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tion  is  conducts  as  before ;  this  is  repeated  until,  at  the  expiration  of 
twenty-foar  hours,  the  cavity  of  the  furnace  has  become  full  of  regulus, 
when  the  tap-hole,  a,  is  opened,  and  the  regulus  or  coarse-metal  runs  off 
into  the  sand-moulds,  5,  and  is  afterwards  crushed,  either  between  rolls  or 
by  a  stone-breaker,  previous  to  calcinatioiL  The  slags  from  this  furnace 
should  not,  on  an  average,  contain  much  above  ^th  per  cent,  of  copper. 
The  resulting  slags,  chiefly  consisting  of  silicates  of  iron,  contain  numerous 
disseminated  fragments  of  quarts,  which  give  to  the  whole  a  mottled 
appearance  and  somewhat  pasty  consistency.  It  is  important  that  these 
slags  should  have  a  proper  degree  of  fluidity,  since  if  too  stiff,  they  are  liable 
to  retain  shots  of  regulus,  and  if  too  thin,  the  workmen  find  it  difficult 
to  skim  them  from  the  top  of  the  charge  without  drawing  out  at  the 
same  time  a  portion  of  the  matte. 

Any  regulus  which  may  be  thus  accidentally  drawn  out  of  the 
furnace  collects,  for  the  most  part,  in  the  bottoms  of  the  sand-moulds  in 
which  the  slags  are  received,  and  is  afterwards  carefully  removed.  The 
slags,  when  sufficiently  cold,  are  broken  and  subjected  to  careful  exami- 
nation; those  portions  which  contain  a  sufficient  amount  of  regulus  are 
preserved  for  le^melting  with  the  roasted  ores,  while  the  remainder  is 
rejected  as  useless.  • 

in.  Calcination  of  Crushed  Coarse-Metal, — The  furnace  employed  for 
calcining  t^  coaise-metal  usually  resembles  in  all  respects  that  used  for 
crude  ores  in  the  first  operation.  The  object  of  this  process  is  the 
elimination  of  a  further  portion  of  the  sulphur  and  the  oxidation  of 
iron,  which  is  the  more  readily  effected  on  account  of  the  removal  of  the 
earthy  and  siliceous  matters  present  in  the  raw  ores.  The  charge  varies 
from  3|  to  4  tons,  and  the  calcination  is  usually  complete  in  twenty- 
four  hoursL  When  the  coarse-metal  is  first  introduced  into  the  furnace, 
the  temperature  is  for  some  time  carefully  regulated,  the  heat  being 
afterwards  cautiously  increased,  until,  at  the  expiration  of  about  fourteen 
hours^  bright  redness  has  been  attained.  This  temperature  is  maintained 
until  the  charge  has  been  in  the  furnace  twenty-four  hours,  care  being 
taken  to  stir  and  turn  it  over  from  time  to  time.  The  plates  covering 
the  holes,  «,  fig.  120,  are  now  removed,  and  the  charge  is  scraped 
through  them  into  the  chambers,  G,  beneath  the  furnace. 

lY.  Fusion  of  Calcined  Coarse-Metal  with  Ores  belonging  to  Class  3, 
arid  Slags  from  Operaiions  V.  and  VL—*The  object  of  this  fusion,  which 
occupies  from  five  to  six  hours,  is  to  eliminate,  in  the  form  of  silicate,  a 
further  portion  of  iron,  and  to  produce  a  regulus  richer  in  copper  than  is 
coarse-metal ;  the  products  are  white-metal  or  pimple-metaly  very  rich  iii 
copper,  and  metal-slags  melted  in  operation  II.  The  fusion  is  effected  in 
a  furnace  so  similar  to  that  employed  for  operation  IL  as  to  require  no 
special  description.  At  this  period  are  introduced  rich  foreign  oxides  and 
carbonates,  belonging  to  Class  3,  containing  but  little  iron.  The  charge 
generally  weighs  from  50  to  52  cwts.,  and  Ib  constituted  in  accordance 
with  the  nature  of  the  ores  which  the  smelter  may  have  at  his  disposal. 
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It  is  often  made  up  nearly  as  follows : — 30  cwts.  calcined  coaise-metal, 
16  cwts.  of  rich  carbonates  and  oxides,  and  5  cwts.  of  roaster-  and 
refinery-slags  from  operations  V.  and  VI.  In  addition  to  these,  copper- 
scale  and  furnace-bottoms  are  occasionally  added  ^  certain  proportions. 
In  all  cases  the  charge  should  be  so  constituted  that  nearly  the 
whole  of  the  sulphide  of  iron  present  may  become  decomposed  at  the 
expense  of  oxide  of  copper,  and  that  the  oxide  of  iron  so  formed  may, 
in  the  form  of  silicate,  pass  off  in  the  slags.  Towards  the  close  of  the 
operation  the  charge  is  well  stirred,  and  shortly  afterwards  the  slag  is 
skimmed  off  and  drawn  out  of  the  furnace  through  the  door,  <f,  below 
which  sand-moulds  are  prepared  for  its  reception.  The  regulus  is  finally 
tapped  off  into  sand-moulds  beneath  the  tap-hole,  which  is  on  the  side 
of  the  furnace,  and  should  be  in  the  state  of  white-metcU  or  pimple-mdaij 
containing  from  76  to  79  per  cent  of  copper.  This  sulphide  is  very 
nearly  represented  by  the  formula  CugS,  although  it  always  retains  small 
quantities  of  iron. 

V.  Roasting  White-Metal  or  Pimple-Metal, — ^This  operation  is  earned 
on  in  a  reverberatory  furnace,  similar  to  the  ordinary  melting-furnace, 
provided  with  air-ways  in  the  bridge-end,  and  with  a  lateral  door  through 
which  the  pigs  of  regulus  from  operation  IV.  are  introduced.  The  pro- 
ducts are  blister-copper^  containing  above  99  per  cent  of  copper,  and 
roaster-elag.  The  pigs  of  regulus  are  placed  on  the  blade  of  a  long  paddle, 
and  each  is  transported  to  its  proper  place  on  the  hearth  of  the  furnace, 
of  which  the  temperature  becomes  considerably  reduced  during  the  intro- 
duction of  the  charge.  The  weight  of  the  charge  is  ordinarily  from  4 
to  5  tons,  and  the  heat  is  so  regulated  that  the  pigs  may  be  completely 
melted  at  the  expiration  of  from  six  to  eight  hours.  During  this  time 
air  is  allowed  to  circulate  freely  through  the  furnace,  and  sulphurous 
anhydride  is  abundantly  evolved.  The  slag  formed  on  the  surface  of 
the  melted  regulus  is  frequently  skimmed  off  during  the  progress  of  the 
operation ;  the  first  time  immediately  after  the  complete  fusion  of  the 
charge,  and  the  last  shortly  before  tapping.  A  peculiar  frizzling  sound 
is  emitted  from  the  bath  of  fused  regulus,  which  is  maintained  in  a  state 
of  constant  ebullition.  After  the  contents  of  the  furnace  have  been  for 
a  considerable  time  in  a  state  of  fusion,  the  temperature  is  sufficiently 
lowered  to  cause  the  surface  of  the  regulus  to  become  pasty,  and  it  is 
then  thrown  up  into  crater-like  elevations,  produced  by  the  escaping 
gasea  When  the  temperature  begins  to  fall  too  low,  the  door  is  closed 
and  the  mass  again  brought  to  a  fusing  heat,  at  which  it  is  maintained 
for  some  hours,  during  which  time  sulphurous  anhydride  continues  to  be 
freely  evolved. 

Before  the  close  of  the  operation,  which  may  last  from  twenty-four  to 
forty-eight  hours,  the  openings  admitting  air  into  the  furnace  are  shut, 
and  the  slags  resulting  from  the  combination  of  silica,  derived  from  the 
hearth  and  from  the  sand  adhering  to  the  pigs  of  regulus,  with  oxides 
of  iron  and  copper,  are  skimmed  off  the  surface,  and  the  bliste^copper 
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is  tapped  into  sand-moulds.  The  slags  resulting  from  this  operation  are 
added  to  the  chaige  in  operation  lY. 

YL  Refining  and  TougJiening, — ^The  furnace  employed  for  the  opera- 
tion of  refining  is  similar  to  the  ordinary  roasting-fumace,  excepting  that 
its  bottom  inclines  in  all  directions  towards  a  point  near  the  end  door, 
next  the  chimney.  There  is  also  another  door  at  the  side,  hut  there  is 
neither  a  hole  in  the  roof  for  charging  nor  a  tap-hole.  The  products 
obtained  are  marketable  copper  and  refinery-alag ;  the  latter  ultimately 
forming  part  of  the  charge  in  operation  IV.  The  charge  of  the  refinery 
consists  of  about  10  tons  of  hlister-copper,  which  is  introduced  through 
the  side  door,  and  is  piled  in  the  form  of  a  hollow  heap,  extending  to 
tbe  arch  of  the  furnace  ;  the  cakes  being  so  arranged  as  to  allow  a  suffi- 
cient space  for  the  free  circulation  of  air  hetween  them.  The  complete 
fusion  of  the  .charge  is  usually  effected  in  ahout  four  hours,  when  the 
slags  are  removed  by  skimming,  and  the  fused  metal  is  exposed  during 
from  fourteen  to  sixteen  hours  to  the  oxidizing  influences  of  the  air 
passing  through  the  furnace.  The  charge  is  from  time  to  time  rabhled 
and  the  slag  skimmed  off,  and  at  the  expiration  of  the  time  specified 
the  charge  should  be  in  the  state  of  dry  copper.  In  order  to  see  whether 
the  process  of  oxidation  has  heen  sufficiently  prolonged;  the  refiner  takes 
out  a  sample  in  a  small  iron  ladle,  and  from  the  fracture  of  this  sample 
be  is  enabled  to  judge  of  the  progress  of  the  operation. 

Copper  in  this  dry  state  contains  a  certain  proportion  of  oxygen  in 
combination,  and  in  order  to  eliminate  this  it  is  subjected  to  the  process 
of  toughening.  When  the  charge  is  found  to  be  sufficiently  saturated 
with  cuprous  oxide,  the  slag  is  skimmed  off^  and  two  or  three  shovelsful 
of  anthracite  or  charcoal  are  thrown  on  the  hearth  and  spread  over  the 
surface  of  the  liquid  metaL  This  covering  of  carbon  tends  to  the  reduc- 
tion of  the  oxide  of  copper  formed  on  the  surface  of  the  metal,  and  after  a 
short  interval,  during  which  the  charcoal  is  allowed  to  act  alone,  a  long 
pole  of  green  wood  is  plunged  into  the  fused  copper.  Under  the  influence 
of  the  elevated  temperature  to  which  the  wood  is  thus  exposed,  large 
quantities  of  reducing  gases  are  evolved  by  its  decomposition,  attended 
with  strong  ebullition  of  the  metaL  The  reduction  of  the  oxide  is 
thus  determined  with  much  greater  rapidity  than  by  the  action  of  char- 
coal or  anthracite  alone ;  the  latter  nevertheless  not  only  assists  in  the 
removal  of  oxygen,  but  also  prevents  the  absorption  of  a  further  amount 
when  the  surface  of  the  liquid  metal  is  in  a  state  of  rest. 

When  the  fused  copper  has,  by  this  means,  heeu  kept  in  a  state  of 
ebullition  during  some  time,  usually  an  hour  or  more,  the  refiner  takes  a 
sample  from  the  furnace  by  inserting  into  it  a  small  ladle-shaped  mould 
about  1^  inch  in  diameter  and  ^  inch  in  depth.  The  sample  thus 
obtained,  which  is  thicker  in  the  centre  than  at  the  circumference,  is 
tested  with  regard  to  malleability  by  flattening  on  an  anvil,  and  after 
being  partially  cnt  through  with  a  cold-chisel  is  fixed  between  the  jaws 
of  a  vice,  and  bent  backwards  and  forwards  untQ  broken. 
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A»  soon  as  the  charge  is  found,  from  these  trials  and  from  the  colour 
of  the  copper,  to  have  reached  tough-pitchy  the  pole  is  taken  out  and  the 
charcoal  pushed  hack  from  the  openings  through  which  the  metal  ia 
removed  hy  iron  ladles  and  transferred  to  copper  moulda  These  moulds 
are  cast  in  a  press  from  the  ordinary  charges  of  copper,  and  when  cracked 
or  otherwise  rendered  unfit  for  further  use,  are  thrown  into  the  refin^^y  and 
re-melted. 

The  moulds,  a,  fig.  123,  when  in  use  are  fixed  hy  a  dove-tailed  bottom 
to  iron  tipplen,  5,  arranged  along  one  edge  of  an  iron  trough,  c,  and 
when  the  copper  laded  into  the  mould  has  completely  set^  the  tip{der 
with  its  attached  mould  is  turned  over  with  a  smart  shock,  so  that  the 
ingot  is  turned  out  into  water.     On  turning  it  hack  into  its  original 


Fig.  133.— Ingot-Moulds. 

position,  any  water  which  may  have  splashed  into  it  is  rapidly  dried  up 
hy  the  heat  of  the  mould,  which  is  then  ready  for  re-filling. 

There  are  usually  three  troughs,  each  carrying  twelve  moulds^  placed 
at  a  convenient  distance  from  the  end  door  of  the  refinery,  and  during 
the  lading  of  a  charge  of  copper  a  current  of  cold  water  is  kept  con- 
tinuously flowing  through  the  troughs 

When  the  copper  is  found  to  he  in  a  proper  state  for  removal  from 
the  furnace,  it  is  necessary  that  this  should  he  effected  with  the  least 
possible  delay,  since  it  would  otherwise  be  liable  to  again  become  some- 
what dry  through  the  absorption  of  oxygen.  Should  this  occur,  poling 
must  for  a  short  time  again  be  resorted  to,  and  if  the  metal  becomes  over- 
poled,  this  defect  is  readily  obviated  by  a  short  exposure  to  the  oxidising 
influences  of  the  air.  The  surface  of  an  ingot  at  tough-pitch  is  approxi* 
mately  level,  whereas  under-poled  copper  sinks  into  a  longitudinal  funov^ 
whilst  over-poled  copper  rises  into  a  ridge.  When  copper  is  intended  for 
rolling,  a  few  pounds  of  lead  are  sometimes  added  and  well  mixed  with  the 
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charge  immediately  before  it  is  laded  into  moulds,  which  in  this  case  are 
of  cast-iron.  These  are  first  washed  on  the  inside  with  tan-ashes  and  water, 
and  thoroughly  dried.  A  false  bottom  of  copper  is  then  formed  by  pouring 
a  couple  of  ladlesful  of  the  charge  into  each  pot  or  mould;  and  when  this 
has  set^  the  requisite  number  of  ladles  of  copper  to  form  a  cake  of  the 
desired  thickness  are  laded  on  to  the  top  of  it.  When  this  cake  has  suffi- 
ciently cooled,  it  forms  the  bottom  on  which  the  next  cake  is  cast ;  each 
mould,  when  filled,  contains  from  four  to  six  cakes  of  metal,  according 
to  thickness.  When  cold,  the  mass  is  tnmed  out  from  the  pot,  the  cakes 
separated,  and  their  edges  trimmed ;  the  copper  used  to  form  the  false 
bottom  in  the  first  instance  requires  to  be  re-melted,  as,  being  full  of 
blow-holes,  it  is  not  sufficiently  sound  for  rolling. 

When  very  large  cakes  are  required,  the  moulds  are  often  made 
by  clamping  together  L-shaped  pieces  of  cast-iron  on  a  cast-iron  plate. 

Use  ofPhosphorvs  in  Refining. — The  addition  of  phosphorus  to  copper 
during  that  part  of  the  operation  of  refining  known  as  "poling" appears  to  in- 
crease the  density  of  the  refined  metal,  and  at  the  same  time  to  so  assist  the 
deoxidation  as  to  dispense,  to  a  considerable  extent,  with  the  use  of  the 
pole.  It  is  not,  however,  desirable  to  effect  deoxidation  entirely  by  the 
use  of  phosphorus,  but  mther  by  its  agency  to  bring  the  metal  nearly  to 
the  tough-pitch,  and  then  to  finish  the  operation  by  the  use  of  the  pole. 
The  phosphorus  is  added  in  the  form  of  phosphide  of  copper,  containing 
about  7  per  cent,  of  phosphorus,  which  is  prepared  by  pouring  melted 
copper  upon  phosphorus  in  the  bottom  of  an  iron  crucible,  which  is  pro- 
tected by  a  lining  consisting  of  a  mixture  of  loam  and  powdered  coke. 
The  cover  of  the  crucible  is  fitted  with  a  funnel,  and  an  aperture  is  left 
for  the  escape  of  gases,  while  the  metal  falls  upon  a  perforated  iron  dia- 
phragm, coated  like  the  inside  of  the  crucible  itself,  placed  midway 
between  the  bottom  and  the  cover.  The  metal  thus  falls  in  the  form  of 
rain,  and  is  therefore  in  a  suitable  condition  for  absorbing  the  escaping 
vapour  of  phosphorus. 

The  proportion  of  phosphorus  required  necessarily  depends  upon  the 
dryness  of  the  copper  to  which  it  is  added  ;  but  at  Chatham  Dockyard, 
where  the  process  has  for  some  time  been  successfully  employed,  1  cwt. 
of  copper  phosphide  is  introduced  into  a  5-ton  charge,  and  with  this 
quantity  the  copper  is  rarely  over-poled.  This  represents  about  0*07  per 
cent  of  phosphorus,  and  about  one-half  of  that  quantity  is  permanently 
retained  by  the  copper. 

Process  of  maJeing  "  Best-Selected  "  Copper, — ^Dr.  Percy,  who  derived 
his  information  from  Mr.  Keates,  of  the  firm  of  Newton,  Keates,  &  Co., 
makes  the  following  observations  on  the  subject  of  best-selected  copper :  ^ 
"The  introduction  of  the  manufacture  of  brass,  on  a  large  scale,  into 
this  country  does  not  date  much  farther  back  than  the  year  1680,  and 
the  manufacturers  were  not  long  in  discovering  that  copper  taken  indis- 

1  'Metallurgy  :  Fuel,  Copper,  &c.,'  p.  329. 
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criminately,  as  it  occurred  in  the  market,  frequently  produced  brass 
quite  unfit  for  manufacturing  into  battery,  sheets,  and  wire,  and  they 
rightly  attributed  this  to  its  impurity.  The  English  copper  generally  in 
use  at  the  beginning  of  the  eighteenth  century  was  derived  from  Cornish 
ores,  which  were  then,  to  a  greater  extent  than  at  present,  mixed  with 
tin ;  and  it  is  most  creditable  to  the  sagacity  and  practical  skill  of  the 
smelters  of  that  day  tliat  they  devised  a  mode  of  remedying  the  evil 
which,  in  effect,  has  not  been  improved  upon  by  their  successors." 

The  details  of  the  processes  by  which  copper  of  this  quality  is  pre- 
pared from  ordinary  ores  vary  considerably  in  different  works,  although 
the  principle  involved  is  .in  all  cases  the  sam&  Advantage  is  taken  of 
the  circumstance  that  when  copper  ores  contaminated  by  the  presence 
of  other  metals,  such  as  arsenic,  tin,  lead,  <&&,  are  reduced  to  a  state  of 
regulus,  and  afterwards  so  roasted  as  not  to  contain  a  sufficient  amount 
of  sulphur  to  convert  the  whole  of  the  metals  into  regulus,  a  certain 
portion  of  the  copper  will,  during  the  subsequent  fusion,  be  liberated 
in  the  metallic  form.  The  copper  so  set  free  falls  to  the  bottom  of  the 
moulds  in  which  the  contents  of  the  furnace  are  tapped,  and  retains  a 
very  large  proportion  of  the  impurities  by  which  the  quality  of  the  pro- 
duct would  be  impaired.  The  material  usually  operated  on  is  pimple- 
metal,  which  is  melted  down  and  roasted  during  a  certain  time,  in 
accordance  with  the  judgment  of  the  furnace-man.  When  ready,  the 
contents  of  the  furnace  are  tapped  into  a  series  of  sand-moulds,  joined 
together  by  gutters  in  the  upper  parts  of  the  partition  walls  which  sepsr 
rate  them  from  one  another.  The  mixture  of  regulus  and  copper  alloy 
containing  the  impurities  to  be  separated  is  tapped  into  the  first  of  these 
moulds,  and  when  this  becomes  full,  the  melted  matter  flows  over  into 
the  second,  and  so  on  until  the  whole  of  the  charge  has  been  run  out 
The  total  number  of  moulds  may  be  from  sixteen  to  eighteen,  according 
to  the  weight  of  the  charge,  and  the  size  of  the  sand-beds  prepared  to 
receive  it,  and  from  six  to  eight  pigs  of  impure  copper  will  be  found  in 
the  bottoms  of  those  nearest  the  tap-hole.  The  regide  is  removed,  by 
a  hammer,  from  the  tops  of  each  of  these  as  soon  as  it  has  sufficiently 
cooled  to  admit  of  being  conveniently  handled.  About  one-fourth  of 
the  total  amount  of  copper  present  may  be  reduced  in  this  method  of 
making  best-selected  copper,  the  regule  obtained  being  again,  if  neces- 
sary, subjected  to  similar  treatment;  a  further  production  of  impare 
copper  is  the  result  of  the  second  fusion.  The  total  amount  of  copper 
thus  abstracted  as  impure  may  be  nearly  one-half  the  quantity  contained 
in  the  material  originally  charged  into  the  furnace.  The  bottoms  obtained 
as  the  result  of  these  fusions  may,  according  to  circumstances,  either  be 
refined,  cast  into  rectangular  plates,  and  sold  as  tile-copper^  or,  if  found 
advantageous,  it  may  be  made  into  cake-copper. 

Modifications  of  thb  Wblsh  Method  of  Coppbr-Smeltino. — As 
before  stated,  the  general  routine  of  the  different  processes  employed  for 
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the  metallurgical  treatment  of  copper  ores  by  the  Welsh  process  is  not 
only  varied  in  accordance  with  the  quality  of  the  copper  it  is  intended 
to  produce,  but  also  to  meet  the  circumstances  of  the  varying  nature  of 
the  supply  of  cupriferous  materials  available. 

The  large  quantities  of  copper-precipitate  now  supplied  by  the  nume- 
rous extraction-works,  added  to  the  amount  of  Chilian  and  American 
regulus  which  is  imported  into  this  country,  have  resulted  in  the  intro- 
duction, in  the  copper-works  in  the  neighbourhood  of  St.  Helens,  where 
a  lai^  portion  of  this  precipitate  is  worked  up,  of  certain  modifications 
of  the  ordinary  processes. 

The  following  are  the  various  operations  usually  followed  in  the 
copper-works  at  St.  Helens : — 

I.  Calcination  of  ores. 

IL  Melting  for  coarse-metal. 

III.  Melting  for  white-metal. 

IV.  Tapping  close-regulus. 

V.  Running  into  blister-copper. 

VI.  Refining  and  toughening. 

I.  Calcination  of  Ores, — ^A  charge  of  from  5  to  6  tons  of  sulphurous 
ores  and  regulus  is  introduced  into  a  Siemens  furnace  heated  with  gas, 
supplied  from  a  generator.  The  ore  is  spread  over  the  bed,''and  the  fiame 
circulates  around  the  brickwork  of  a  chamber  like  an  oven  or  mufile, 
which  is  in  communication  with  sulphuric- acid  chambers.  The  charge 
is  stirred  every  two  hours  through  the  doors,  and  is  kept  at  a  red  heat 
during  about  ninety-six  hours,  when  it  is  drawn  with  rakes,  and  is  usually 
found  to  contain  from  6  to  7  per  cent  of  sulphur. 

II.  Melting  for  Coarse-Metal, — This  is  carried  on  in  an  ore-furnace, 
in  which  the  sharp-slags  obtained  from  the  skimming  of  No.  III.  process 
are  worked.  This  is  the  usual  reverberatory  furnace,  and  is  heated 
with  slack.  A  charge  of  about  36  cwts.  is  introduced  and  kept  at  a 
strong  heat  for  about  six  hours.  When  the  door  is  removed,  and  the 
charge  is  found  to  be  in  a  liquid  state,  the  coarse-metal  falls  to  the  bottom 
and  the  fusible  slag  floats  above  it.  The  furnace-man  then  skims  off 
through  the  front  door  the  slag,  which  should  be  free  from  copper,  or 
ought  at  any  rate  not  to  contain  more  than  ^th  of  1  per  cent 

Once  every  twenty-four  hours  the  coarse-metal  is  tapped  into  sand- 
beds  at  the  side  of  the  furnace,  and  should  not  contain  above  33  per  cent 
of  copper.  The  charge  consists  of  poor  calcined  ores  and  a  small  quantity 
of  poor  raw  ores,  with  the  sharp-slags  from  No.  IIL 

in.  Melting  for  White-MetaL — A  charge  of  about  40  cwts.  of  a 
mixture  of  coarse-metal  from  the  preceding  operation,  Chili  regulus, 
calcined  rich  sulphides,  and  raw  carbonates,  is  placed  in  a  furnace  similar 
to  the  last  The  door  is  closed,  and  the  heat  increased  for  about  four 
hours,  when  the  charge  will  be  found  to  be  in  a  liquid  state.  The 
fumace-man  skims  off  the  slags  floating  on  the  surface,  until  he  comes  to 


430  ELEMENTS   OF   METALLURGY. 

the  metal,  which  he  can  leadily  distinguish.  The  slags  from  this  opera- 
tion are  termed  "  sharp-slags/'  and  are  those  melted  in  operation  IL  for 
coarse-metal.  The  metal  is  tapped  at  the  side,  exactly  as  in  operation 
II.,  and  contains  ahout  66  per  cent,  of  copper. 

IV.  Tapping  dose-RegtUus. — This  process  is  termed  "  selecting,"  as 
the  metal  is  divided  into  two  qualities,  one  for  making  hest  copper  and 
the  other  for  common. 

Ahout  40  cwts.  of  a  mixture  of  coarse-metal,  calcined  regulus,  calcined 
rich  sulphide  ores,  and  copper- precipitate  obtained  from  the  various 
extraction- works,  is  placed  in  a  furnace  of  the  same  construction  as  the 
last,  where  it  remains  until  the  charge  becomes  perfectly  liquid.  It  is 
then  tapped  at  the  pitch  called  doaeregulus,  when  it  is  found  that^  in 
combination  with  reduced  copper,  the  impurities  fall  through  the  regulus 
to  the  bottom  of  the  moulds.  When  cold,  the  workman  separates  the 
upper  portions  from  the  lower  by  means  of  a  hammer. 

The  upper  portion  consists  of  sulphides  of  copper;  the  lower  of 
metallic  copper  which  contains  other  metals,  such  as  tin,  antimony, 
arsenic,  lead,  &a 

V.  Running  for  Blister-Copper. — ^This  is  effected  in  a  furnace  called 
a  "roaster,"  in  which  three  kinds  of  material  are  separately  treated, 
according  to  the  quality  of  the  copper  required,  namely,  white-metal,  from 
No.  III.  process ;  eloBe-regvlvs,  from  No.  IV.  ;  and  bottoms  separated 
from  it. 

One  method  of  treatment  answers  for  all : — ^About  7  tons  of  white- 
metal  are  placed  in  the  roaster,  the  temperature  of  which  is  raised,  and 
the  metal  reduced,  at  first  slowly,  to  a  liquid  state,  while  a  current  of 
air  is  allowed  to  pass  freely  through  the  furnace.  When  it  has  been 
working  about  forty-eight  hours,  the  evolution  of  sulphur  will  be  observed 
to  have  ceased,  and  the  sulphides  will  be  converted  into  blister-copper, 
which  is  run  into  sand-beds.  The  same  is  done  in  converting  dose- 
regulus  and  bottoms  into  ^  blister ; "  in  the  first  case  about  thirty  hours 
are  required,  in  the  latter  only  eighteen,  owing  to  the  bottoms  containing 
much  less  sulphur  than  the  close-regulus. 

VL  Refining  and  Toughening. — ^A  charge  of  about  10  tons  of  bliste^ 
copper  is  put  into  the  refining-fumace,  which  is  of  the  same  construction 
as  the  other  copper  furnaces,  excepting  that  the  bottom  slopes  down 
towards  the  front  door,  where  there  is  a  cavity  to  enable  the  men  to  dip 
their  ladles  when  lading  out  the  copper:  The  charge  is  roasted  for  about 
four  hours  at  a  gentle  heat^  with  a  current  of  air,  in  order  to  liberate  any 
sulphur  that  may  remain  after  the  last  operation. 

The  heat  is  now  raised  until  the  metal  becomes  liquefied,  when  it  is 
skimmed  to  free  it  from  slag.  After  having  been  alternately  rabbled  and 
skimmed  for  about  six  hours,  it  is  brought  to  the  pitch  of  dry  copper. 
It  is  then  agitated  or  poled  with  large  poles,  so  as  to  remove  oxygen, 
by  which  means  the  copper  is  brought  to  tough-pitch.    Samples  are 
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removed  by  small  ladles,  hammered  and  broken  in  the  vice ;  when  the 
fracture  and  colour  of  the  metal  indicate  that  it  is  in  a  fit  condition,  it 
is  at  once  laded  into  moulds. 

In  Chili,  where  the  ores  consist  of  a  mixture  of  sulphides,  oxides, 
carbonates,  silicates,  and  oxjchlorides  of  copper,  smelting  is  conducted  in 
reverberatory  furnaces,  with  coal  as  fuel,  and  comprises  three  principal 
operations  only,  namely,  fusion  for  regulus,  calcining  for  spongy  regulus, 
and  roasting  for  blister-copper.  The  copper  arrives  in  this  country  in 
bars^  usually  weighing  about  1}  cwt  each,  and,  according  to  its  state  of 
purity,  it  is  either  at  once  refined  or  subjected  to  a  preliminary  roasting. 

In  this  country  <<  best-selected''  copper  usually  fetches  about  £\  per 
ton  above  the  price  of  ordinary  tough-ingot 

The  usual  forms  in  which  copper  is  sent  into  the  market  are  as 
follow : — 

owta.  qn.   lbs. 
X   124  in.   X   1|  in. ;  weight    110 
X   124   ,.    X     4    „         „         0      1    18 
X     Sft    H    X   li    M         ft        H  to  16  lbs. 


Tkeatment  of  Cupriferous  Schists  in  the  Mansfkld  District, 
Prussian  Saxony. 

The  ore  treated  is  the  well-known  Kupferschiefer  of  the  Germans,  a 
bituminous  schist  or  shale,  which  occurs  below  the  Zechsteifif  a  formation 
of  Permian  age.  The  thickness  of  the  copper-bearing  shale  is  seldom 
above  18  inches,  and  of  this  a  few  inches  only  will  usually  repay  the 
expenses  of  smelting.  Mining,  which  is  sometimes  carried  on  at  a 
depth  of  eighty  fathoms  from  the  surface,  is  particularly  laborious  in  this 
district,  since  the  thinness  of  the  deposit  renders  it  necessary  for  the 
miner  to  conduct  all  his  operations  while  lying  on  his  side.  Smelting 
has  long  been  carried  on  in  the  neighbourhood  of  Mansfeld.  Agricola, 
who  wrote  about  the  middle  of  the  sixteenth  century,  minutely  describes 
the  way  in  which  the  ores  were  burned  in  heaps  in  the  vicinity  of 
Eisleben,  as  a  preliminary  to  fusion.  The  existing  smelting-works  are 
situated  near  the  towns  of  Mansfeld,  Eisleben,  and  Sangerhausen.  The 
various  mines  and  smelting-works,  which  were  before  1852  possessed  by 
separate  companies,  were  at  that  date  united  under  a  single  direction,  of 
which  the  chief  office  is  in  Eisleben ;  the  result  being  the  establishment 
of  an  admirable  system  of  management,  which  has  secured  large  and 
continuous  profits  to  the  proprietary. 

The  following  analyses,  made  by  Scheerer  in  1879,  give  the  composi- 
tion of  unbumt  Kupferschiefer  from  four  different  localities :  ^ — 

^  '  Mansf elder  Kapfenchieferbauende  Oewerkfoh«ft'    Eisleben,  1881. 
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Zinc,  lead,  manganese,  nickel,  and  cobalt  were  not  quantitively 
estimated. 

The  Kupferschiefer  of  the  Mansfeld  district  contains  on  an  average 
somewhat  less  than  3  per  cent,  of  copper,  with  about  10  lb&  of  silver  to 
the  ton  of  copper.  The  Sanderz  of  the  Sangerhausen  district  sometimes 
contains  as  much  as  5  per  cent  of  copper  when  the  ore  is  copper  pyrites ; 
but  when  it  consists  of  erubescite,  it  occasionally  reaches  10  per  cent;  in 
the  latter  case  the  proportion  of  silver  is  reduced  to  one-half. 

The  fuel  employed  is  principally  coal  and  coke,  a  considerable  portion 
of  which  reaches  the  works  from  England  vid  Hamburg ;  another  portion 
is,  however,  supplied  by  the  German  coal-fields,  and  gas-coke  is  collected 
from  the  neighbouring  towns  and  cities  where  large  quantities  of  gas  are 
consumed.  Formerly  wood  and  charcoal  wei-e  exclusively  made  use  of 
in  the  smelting-works ;  but,  although  the  company  still  possesses  a  large 
extent  of  woodland,  it  is  now  found  more  profitable  to  seU  the  timber 
and  charcoal,  and  to  obtain  from  a  distance  supplies  of  fuel  better  suited 
for  the  work.  Brushwood  answers  as  fuel  for  mufiie-fumaces  and  for 
calcining ;  the  brown  coal  of  the  neighbourhood,  when  mixed  with  coal 
of  a  superior  quality,  is  also  employed  for  reverberatory  furnaces.  In 
addition  to  slags,  which,  for  the  sake  of  freeing  them  from  copper,  are 
passed  through  the  furnace  with  the  various  charges,  fluor-spar  is  some- 
times employed  It  is  chiefly  used  with  highly  siliceous  materials,  and 
is  found  abundantly  in  the  neighbourhood  of  some  of  the  works. 

As  at  present  conducted,  the  method  employed  for  the  treatment  of 
cupriferous  schists  in  the  Mansfeld  district  comprehends  the  following 
operations : — 

I.  Burning  the  schist  in  heaps  for  the  purpose  of  removing  a  portion 
of  the  sulphur,  together  with  water  and  bitumen,  and  to  reduce  the  mate- 
rial to  a  mechanical  condition  suitable  for  smelting. 

II.  Smelting  the  burnt  schist  with  slags  and  fluor-spar  in  blast- 
furnaces; ^Todncta,  coars&metal  or  BoJistein  and  slags;  the  latter  being 
sometimes  moulded  into  blocks  for  building  purposes. 
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IIL  Burning  the  coarse-metal  in  kilns  for  the  purpose  of  eliminating, 
sulphur,  oxidizing  the  iron,  and  producing,  sulphuric  acid. 

lY.  Concentration  of  the  copper  in  the  roasted  coarse-metal  by  fusion 
in  reverberatory  furnaces ;  products,  yine-metal  or  Spurstein^  containing 
74  to  75  per  cent  of  copper,  with  silver,  and  rich  slag  sent  back  to 
operation  IL 

Y.  Grinding  the  fine-metaL 

YI.  Roasting  the  ground  fine-metal ;  the  chief  portion  of  the  copper 
is  thus  transformed  in  cupric  oxide,  while  the  silver  is  converted  into  a 
soluble  sulphate  of  silver, 

YIL  Dissolving  out  the  sulphate  of  silver  with  warm  water,  and 

precipitating  cement-silver  from  the  solution  by  means  of  metallic  copper. 

Yin.  Mixing  the  residues  from  this  lixiviation  with  coal-dust,  and 

melting  and  refining  in  a  reverberatory  furnace ;  products,  refined  copper 

or  Kupferrafflnad  and  slags, 

IX.  Treatment  of  slags,  resulting  from  operation  YIII.,  for  copper  of 
second  quality. 

The  following  description  of  the  various  processes  employed  in  the 
Mansfeld  district  for  the  treatment  of  Kupferschiefer  will  render  in- 
telligible the  series  of  manipulations  to  which  it  is  subjected  for  the 
extraction  of  copper  and  silver. 

L  Burning  the  Schist — This  has  for  its  object  the  combustion  or 
volatilization  of  a  large  proportion  of  the  bitumen,  as  well  as  the  expul- 
sion of  water,  &c ;  a  portion  of  the  sulphur  is  also  at  the  same  time 
eliminated,  but  care  must  be  taken  to  retain  a  sufficient  quantity  to  form 
good  coarse-metal  with  the  copper  and  a  portion  of  the  iron.  This 
operation,  which  partakes  more  of  the  nature  of  burning  than  of  calcina- 
tion, is  accomplished  in  large  heaps  constructed  in  the  vicinity  of  the 
smelting-fumaces,  but  generally  at  a  higher  level 

In  order  to  construct  a  heap  of  this  kind,  a  number  of  faggots  of  dry 
brushwood  are  laid  side  by  side  on  the  pavement  of  the  roasting-yard  in 
such  a  way  as  to  mark  out  the  intended  boundary  of  the  mound,  thus 
enclosing  a  space  of  from  200  to  300  feet  in  length,  and  30  to  40  feet  in 
width.  This  area  is  traversed,  longitudinally,  by  a  line  of  faggots 
arranged  along  its  centre,  across  which  two  or  three  rows  of  similar 
faggots  are  placed  at  right  angles.  Where  these  rows  cross  one  another 
a  small  pile  of  faggots  is  erected.  The  schist  is  piled  loosely  upon  the 
faggots  until  a  rectangular  heap,  from  7  to  10  feet  in  height,  has  been 
formed;  fire  is  now  applied  to  the  wood  on  one  side,  and  the  flames 
gradually  spread,  through  the  channels  filled  with  faggots,  to  the  heaps 
of  fuel  at  their  intersection,  which  act  as  chimneys  to  the  mass.  Schist 
made  into  heaps  shortly  after  its  extraction  from  the  mine  is  found  to 
bum  more  readily  than  when  put  together  dry ;  this  arises  from  the  fact, 
that  as  soon  as  the  water  is  expelled,  the  layers  of  shale  open,  leaving 
interstices  by  which  the  mass  is  rendered  permeable  to  the  air,  whereas, 
if  previously  dried,  it  crumbles,  and  a  compact  heap  is  the  result.     The 
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best  conditions  are  obtained  when  the  blocks  are  put  together  in  a  frozen 
state  during  the  winter,  and  gradually  thaw  after  the  completion  of  the 
heap.  When  the  schist  has  once  become  well  ignited  it  goes  on  burning 
slowly  until  the  whole  of  the  bitumen  has  been  consumed.  This  oo- 
oupies  a  greater  or  less  time,  in  accordance  with  the  state  of  the  weather 
and  the  size  of  the  heap,  but  the  smaller  heaps  generally  require  from 
eight  to  ten  weeks,  and  the  larger  from  three  to  four  months.  It  some- 
times happens  that  during  very  strong  winds  so  much  heat  is  developed 
as  to  cause  the  ore  to  melt  and  run  together  into  masses.  This  not 
only  results  in  considerable  additional  expense,  as  it  makes  the  heaps 
difficult  to  break  up,  but  also  so  completely  drives  off  the  sulphur  that 
the  roasted  material  requires  to  be  smelted  with  raw  ores  containing 
sulphides.  In  order  to  avoid  this  inconvenience,  it  is  usual  to  erect 
screens  of  rough  boarding  io  the  direction  of  the  prevailing  winds,  or  to 
cover  the  exposed  poHions  of  the  heap  with  a  layer  of  finely  divided  and 
closely  padced  ore.  The  following  analyses,  made  by  Grunow  in  1850,  give 
the  composition  of  burnt  Kupferschiefer  from  four  different  localities :  ^ — 
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Ten  pounds  of  wood  are,  on  an  average,  consumed  for  each  ton  of  schist 
burnt ;  the  reduction  in  bulk  which  takes  place  daring  the  operation  is 
about  10  per  cent.,  and  the  loss  of  weight  16  per  cent 

II.  Smelting  Burnt  Ore  with  Slags  for  tJie  Production  of  Coarse- 
Metal  or  Rohsteinj  ^c. — The  roasted  ore  is  taken  from  the  pile  in  which 
it  is  burnt  directly  to  the  smelting-fumace,  where  it  is  fused  with  a  mix- 
ture of  slags  and  fluor-spar,  the  products  obtained  being  coarse-metal  and 
poor  slags.  This  fusion  always  takes  place  in  blast-furnaces,  of  which 
the  form  and  dimensions  vary  considerably.  The  older  furnaces  were 
rectangular,  and  from  15  to  20  feet  in  height;  the  newer  ones,  on  the 
contrary,  are  circular,  and  have  a  total  height  of  above  30  feet.  Figs. 
124  and  125  represent  one  of  the  rectangular  furnaces  formerly  employed 
at  Mansfeld  for  the  fusion  of  roasted  schist  The  first  is  a  front  elevation, 
and  the  second  a  vertical  section  through  the  axis  of  one  of  the  tuyeis ; 
the  lining  in  the  vicinity  of  the  hearth  was  constructed  of  a  sandstone 
found  in  the  neighbourhood ;  the  upper  portion,  A,  was  lined  with  fiw* 
brick,  and  the  outer  walls  were  built  with  ordinary  masonry. 

The  blast  was  supplied  through  tuyers,  ^,  placed  either  in  the  bsck  of 

1  Xh«  metalUo  sulphides  vwe  not  Mtimatecl. 
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the  hearth  or  in  two  opposite  lateral  faces  of  the  furnace,  (aid  at  the 
same  height  from  the  hottom.     On  a  level  with  the  floor  were  two  aper- 


Fig.  124.— Rectangular  Furnace,  Manafeld  ;  Fig.  130.— Rectangular  Furnace,  Mansfeld ; 

•levation.  Tvrtieal  Motion. 


Fig.  120.— Rectangular  Furnace,  Manafeld ;  interior  of  hearth. 

tares,  h,  fig.  126,  communicating,  hy  the  channels,  e,  with  two  external 
^ins,  B,  each  about  30  inches  in  diameter  and  14  inches  in  depth, 
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hollowed  in  a  bed  consisting  of  clay  and  coke-dust  The  slags  and  mattes 
flowing  constantly  out  of  the  furnace  were  received  into  one  or  other 
of  these  basins,  and  when  one  had  become  full  the  aperture  by  which 
it  communicated  with  the  hearth  was  closed,  and  the  other  opened 

The  blast,  which  was  heated  to  about  ISS*"  C,  entered  the  furnace  at 
a  pressure  of  from  7  to  8  inches  of  water.  The  materials  to  be  chaiged 
were  placed  on  a  platform  near  the  top,  and  usually  consisted  of  about 
86*5  per  cent  of  roasted  schist  from  operation  L,  6*5  per  cent  of  fluor- 
spar, and  7*0  per  cent  of  slags  from  operation  IV.  The  fuel  used  was 
either  English  or  Westphalian  coke,  or  gas-coke ;  when  the  former  was 
employed,  12  to  14  cubic  feet  were  required  per  ton  of  roasted  ore 
smelted,  but  in  the  latter  case  16  to  18  cubic  feet  were  consumed.  The 
fuel  was  introduced  in  layers,  alternately  with  the  ore  and  flux,  and  a 
fresh  charge  was  added  as  soon  as  flame  made  its  appearance  at  the  top. 
In  this  way  the  complete  fusion  of  the  mass  was  effected ;  the  gangue, 
uniting  with  a  certain  proportion  of  oxide  of  iron,  formed  a  fusible  slag, 
while  the  copper,  in  combination  with  iron,  silver,  and  sulphur,  yielded  a 
liquid  regulus  or  coarse-metal.  The  slags  and  regulus  flowed  together 
into  the  basins,  B,  where  the  latter,  from  its  greater  density,  accumulated 
at  the  bottom,  while  the  lighter  slags  floated  on  its  surface,  and,  in  propor- 
tion as  the  basin  filled,  were  dragged  aside  by  the  workmen. 

The  basins,  B,  being  used  alternately,  the  coarse-metal  which  had 
collected  in  one  of  them  was  allowed  to  cool  while  the  other  was  being 
filled,  and,  when  sufliciently  set,  was  removed  in  the  form  of  circular 
plates,  which  were  lifted  from  the  surface  of  the  still  liquid  portion 
remaining  in  the  bottom  of  the  cavity.  This  was  done  by  an  iron  eje 
inserted  in  the  regulus  while  in  a  liquid  state. 

As  soon  as  a  plate  had  been  separated  it  was  broken  with  sledges, 
any  adhering  pieces  of  slag  being  picked  out  and  returned  to  the  furnace 
in  which  the  fusion  was  effected.  The  coarse-metal  obtained  amounted  to 
about  10  per  cent  of  the  weight  of  the  burnt  schist  smelted ;  it  contained 
from  30  to  40  per  cent,  of  copper  and  about  ^th  of  1  per  cent,  of  silver 
together  with  iron,  cobalt,  nickel,  zinc,  and  sulphur. 

The  small  rectangular  blast-furnaces  have  at  Mansfeld  been  gradu- 
ally replaced  by  circular  furnaces  of  much  larger  dimensions ;  these  are 
blown  by  six  tuyers  and  provided  with  apparatus  for  the  collection  of 
the  waste  gases.  Fig.  127  is  a  vertical  section  through  the  centre  of 
one  of  these  furnaces,  and  fig.  128  a  horizontal  section  at  the  level  of 
the  tuyers.  The  foundation  consists  of  a  solid  block  of  masonry,  A, 
provided  with  proper  channels  for  the  escape  of  moisture.  The  furnace 
is  supported  on  eight  short  cast-iron  pillars,  a,  canying  an  iron  ring,  ^ 
and  is  lined  with  fire-brick.  The  blast,  which  is  heated  to  a  tempera- 
ture of  280*  C,  enters  the  furnace  by  six  water-tuyers,  c,  under  a  pres- 
sure of  about  2  lbs.  per  squaro  inch,  while  the  throat,  which  is  closed  by 
the  cup-and-cone  arrangement,  ef,  admits  of  the  waste  gases  being  cd- 
lected  by  the  openings,  e,  and  the  wrought-iron  pipes,  /.     The  ehaxges 
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are  introduced  in  the  usual  way ;  the  slags  flow  off  constantly  at  g,  and 
the  coarse-metal  is  from  time  to  time  tapped  off  at  h,  on  the  opposite 


Fig.  197.— SIx-tuyer  Furnace,  Hanafeld ;  vertical  section. 

side  of  the  furnace.     This  formerly  ran  through  the  iron  gutter,  t,  into 
the  crofls-spout^  k,  fig.  128,  with  serrated  ends,  from  which  it  fell  into 
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a  cietdm  of  water,  where  it  was  gninalated ;  but  it  is  now  collected  in 
moulds. 

A  furnace  with  two  tuyers,  and  blast  heated  to  100*  C,  will  smelt 
from  7  to  Sfuders  (21  to  24  tons)  of  burnt  schist  in  the  course  of  twenty- 
four  hours ;  a  furnace  with  three  tuyers  will  smelt  12  fuders  in  the  same 
time.  With  a  furnace  blown  by  four  tuyers,  17  fuders  of  ore  can  be 
smelted  in  twenty-four  hours,  while  a  large  furnace  with   six  tuyers 


Fig.  128.— Slx-tuyer  Furnace,  Mansfeld ;  borisontal  saotion  through  hearth. 

smelts  from  40  to  45  fuders  of  ore,  with  an  expenditure  of  from  12  to 
14  cwts.  of  coke  per  fuder. 

III.  Roaating  the  Coarse-Metal. — This  is  accomplished  in  rectangular 
kilns,  each  10  feet  in  height,  5  feet  square  at  the  top,  and  5x4  feet  at 
the  bottom,  provided  with  cup-and-cone  chargers.  Each  of  these  holdB 
10  tons  of  coarse-metal,  which  is  first  broken  into  pieces  of  a  little  more 
than  a  cubic  inch,  and  then  introduced  through  the  charging  apparatus 
in  the  roof.  These  kilns  are  arranged  in  rows,  forming  groups  vaiying 
from  ten  to  twenty,  and  communicating  with  sulphuric-acid  chambeis 
of  the  ordinary  construction.  The  calcined  or  burnt  matter  is  drawn 
every  twelve  hours,  each  kiln  yielding  from  1^  to  1^  ton  of  burnt  mate- 
rial every  day  of  twenty-four  hours. 

In  order  to  prevent  the  clotting  and  fusing-together  of  the  unroasted 
coarse-metal,  it  is  mixed  with  nearly  an  equal  weight  of  the  same 
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material  which  has  been  already  roasted;  the  proportions  being  100 
parts  of  unroasted  ooarse-metal  to  85  parts  of  the  roasted  metal  A 
slight  increase  of  weighty  due  to  the  oxidation  of  iron,  takes  place 
during  the  operation,  as  1  part  of  unburnt  coarse-metal  is,  on  an  average, 
represented  by  1*042  of  burnt  residue.  The  burning  is  going  on  most 
satisfactorily  when  the  heated  metal  slightly  sticks  together  at  a  height 
of  about  3  feet  above  the  level  of  the  bottom ;  thus  forming  a  scaffold 
which  enables  the  burnt  ore  to  be  withdrawn,  before  breaking  down  the 
platform  and  allowing  the  material  in  the  upper  parts  of  the  kiln  to 
descend4 

rV.  MdHngfdr  Fine-Metal  or  SpureteifL — The  furnace  employed  for 
this  operation  closely  resembles  that  used  in  this  country  for  melting 
for  coaxse-metaL  Until  within  the  last  twenty-five  years  the  roasted 
coars^metal  was  fused  in  a  small  blast-furnace,  but  this  has  been  super- 
seded by  the  Welsh  reverberatory  furnace  introduced  from  Swansea  at 
about  the  date  stated 

The  charge  usually  consists  of  50  to  56  cwts.  of  roasted  coarse-metal, 
and  4  to  7  cwts.  of  siliceous  ores^  or  2^  to  3  cwts.  of  sand.  This  mixture 
is  charged  into  the  furnace  through  a  hopper  in  the  usual  way*  When 
first  charged,  the  furnace  is  closed  and  fired  sharply  for  three  and  a  half 
hours,  at  the  expiration  of  which  time  the  first  rabbling  takes  place;  this 
rabbling  is  repeated  twice,  and  when,  at  the  expiration  of  about  eight 
hours,  the  charge  has  become  reduced  to  a  perfectly  liquid  condition,  and 
no  lumps  are  found  upon  the  bottom,  tapping  takes  place.  The  tap-hole 
is  opened  and  the  fine-metal  is  run  into  a  series  of  conical  cast-iron 
moulds,  each  capable  of  holding  from  4  to  6  cwts.  of  regulus,  so  arranged 
that  the  second  is  slightly  below  the  first,  the  third  below  the  second,  ^ 
and  so  on.  Only  the  purest  and  richest  materials  produce  very  liquid 
slags ;  when  the  matte  contains  2inc  the  resulting  slags  are  infusible  and 
pasty.  Spurstein  should  contain  from  74  to  75  per  cent  of  copper,  and 
when  it  either  falls  below  72  per  cent  of  copper,  or  contains  that  metal 
in  the  metallic  state,  it  is  not  forwarded  to  the  silver-extraction  works< 
The  presence  of  metallic  copper  in  the  fine^metal  is  obviated  by  the 
addition  of  a  little  unroasted  Rohstein  to  the  charge.  The  slags  from 
this  furnace  contain  copper,  and  are  smelted  in  operation  IL,  with 
roasted  schist  and  a  little  fluor-spar.  The  fuel  employed  is  a  mixture  of 
brown  coal  and  English  bituminous  coal,  in  the  proportion  of  two  of  the 
fonaer  to  one  of  the  latter,  burnt  on  a  step  grate. 

V.  Grinding  the  Fine-MetaL — When  sufficiently  cold,  the  Spurstein 
is  removed  from  the  cast-iron  cones,  freed  from  any  adhering  slag,  and 
Kduced  to  the  state  of  an  impalpable  powder.  This  is  effected  in  ball^ 
mills,  each  capable  of  grinding  20  tons  of  matte  in  the  course  of  twenty- 
four  hoursL 

VL  Roasting  the  Ground  Fine-Metal.-^The  concentrated  and  finely 
ground  sulphide,  which  contains  about  74  per  cent  of  copper  and  about 
^'43  per  cent  of  silver  in  the  metallic  copper,  is  subjected  to  a  process  of 
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careful  roasting,  by  which  the  copper  is,  for  the  most  part,  converted  into 
an  insohible  oxide,  while  the  silver  is  transformed  into  a  readily  soluble 
sulphate  of  that  metal.  This  is  efiEected  in  reverberatory  furnaces,  witli 
precautions  which  will  be  stated  when  describing  Ziervogel's  Silver 
Process. 

VIL  Dissolving  outStdphate  of  Silver  and  Pfecipitating  Cemetit-SOver  - 
by  Metallic  Copper. — This  operation  is  conducted  in  a  series  of  tubs,  in 
some  of  which  the  solution  of  sulphate  of  silver  is  effected,  while  in  others 
the  precipitation  of  the  dissolved  silver  is  determined  by  the  introduction 
of  metaUic  copper,  both  in  the  form  of  bars  and  in  a  granulated  state. 
The  method  of  conducting  this  operation  will  be  described  when  treating 
of  the  metallurgy  of  silver. 

VIII.  Fusion  and  Refining  of  Desilverized  Residues. — ^The  residues 
retained  in  the  tubs  in  which  the  lixiviation  for  sulphate  of  silv^  has 
been  conducted,  contain  about  75  per  cent,  of  copper,  chiefly  as  oxide,  and 
have  been  freed  from  silver  to  within  0-018  per  cent  This  material  is 
reduced  to  the  metallic  state,  and  is  subsequently  refined  in  a  furnace, 
which  resembles  the  ordinary  English  refinery.  Ten  tons  of  the  washed 
residue  from  the  silver-extraction  process,  after  being  allowed  to  drain 
freely,  are  dried  upon  beds  warmed  by  the  waste  heat  from  the  flues, 
mixed  with  10  per  cent  of  coal-dust^  and  charged  into  the  furnace. 

At  the  expiration  of  from  nine  to  nine  and  a  half  hours  the  oxide  of 
copper  will  have  been  reduced  to  the  metallic  state,  while  the  oxides  of 
the  baser  metals,  together  with  a  certain  amount  of  copper  oxide,  uniting 
with  the  siliceous  ash  of  the  coal,  and  with  silica  from  the  furnace 
bottom,  will  have  passed  into  the  state  of  slag. 

This  slag  is  carefully  skimmed  off  during  about  an  hour,  and  the 
metallic  bath  is  exposed  for  another  hoiir  or  an  hour  and  a  half  to  the 
strongly  oxidizing  action  of  the  air.  During  this  period,  known  as  the 
Verhlasen^  sulphurous  anhydride  is  evolved,  together  with  zinc,  lead, 
and  some  other  metals,  which,  becoming  oxidized,  fill  the  furnace  with 
dense  fume& 

The  next  period,  namely,  that  of  roasting  and  sparkling,  Braten  und 
Spriiheny  occupies  from  two  to  two  and  a  half  hours,  during  which 
further  traces  of  various  metals  are  eliminated,  and  a  little  sulphurous 
anhydride  given  off.  The  charge  is  now  subjected  to  oxidation  during 
two  additional  hours,  at  the  end  of  which  time  it  has  assumed  the  con- 
dition of  dry  copper,  equivalent  to  the  Oaarkupfer  of  the  old  hearth- 
refinery. 

The  copper  is  then  brought  to  tough-pitch  by  poling  its  surface 
covered  by  charcoal,  and  the  metal  laded  into  moulds.  If  during  the 
process  of  lading  the  copper  should  exhibit  any  indication  of  becoming 
dry  from  absorption  of  oxygen,  it  is  again  poled  for  a  few  minutes. 

The  working  of  a  charge,  including  refining,  toughening,  and  lading, 
occupies  from  nineteen  to  twenty  hours,  every  100  tons  of  the  material 
treated  yielding  from  68  to  69  tons  of  ingot  copper  of  A,  quality,  and 
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from  15  to  16  tons  of  slags  and  scorise,  which  are  treated  in  the  next 
operation. 

IX.  Treaiment  of  Smeliing-  and  Refinery-Slags. — The  slags  and  the 
scorisB  lesulting  from  the  smelting  and  refining  of  first-quality  copper  are 
taken  to  the  old  liquation-works,  where  they  are  smelted  in  a  small  blast- 
furnace for  blister-copper.  The  copper  thus  obtained  is  refined  with 
additions  of  lead  and  phosphor-copper,  toughened  by  poling,  and  sold  as 
B.  copper  of  second  quality. 

In  1884  the  production  of  copper  and  silver  at  Mansfeld  and  Sanger- 
hausen  was : — 

Copper  ....     12,778  metric  tons. 

Silver    ....    74,182  kilos. 

Pbooessbs  Formbrlt  Employed  at  MAJHSVELD^Rosette-Copper, — 
The  copper  produced  at  Mansfeld  was  at  one  time  largely  delivered  to 
commerce  in  the  form  of  Gaarkupfer  or  rosette-copper,  sold  in  the  shape 
of  thin  discs,  chiefly  employed  for  making  alloys,  but  not  sufficiently  soft 
for  hammering  and  rolling. 


Fig.  1S9.— Kupfergwuiierd. , 


Fig.  180.— Kupfergaarherd  ;  Tertieal  section. 


Blister-copper  for  the  production  of  rosette-copper  is  treated  in  the 
small  German  hearth  or  KupfergaarJierd. 

Fig.  129  represents  a  perspective  view,  and  fig.  130  a  vertical  section, 
of  this  arrangement;  it  consists  of  a  hemispherical  basin,  a,  about 
18  inches  in  diameter,  excavated  in  a  mass  composed  of  four  parts  of 
pounded  charcoal,  four  parts  of  fire-clay,  and  one  of  sand.  This  is 
surrounded  by  a  low  platform,  c,  level  with  the  top  of  the  basin, 
which  is,  on  one  side,  furnished  with  a  small  door,  d.  When  the 
hearth  has  been  freshly  lined,  it  is  necessary,  before  proceeding  with 
another  operation,  to  dry  it  by  the  introduction  of  a  few  shovelsful 
of  ignited  charcoal,  which  is  allowed  to  remain  until  the  hearth  is 
completely  dry.  As  soon  as  this  is  the  case,  the  cavity  is  filled  with 
fresh  charcoal,  fragments  of  impure  copper  are  arranged  opposite  the 
tuyer,  /,  and  the  blast  is  gradually  admitted.  When  the  first  charge  of 
crude  metal  has  been  thus  melted,  a  further  quantity  is  added,  care  being 
taken  at  the  same  time  to  supply  a  proper  amount  of  fuel.  The  scoriae 
formed  during  the  progress  of  the  operation  escape  through  a  tap-hole. 
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which  comtntinicates  with  the  cavity  in  which  the  lefiaing  is  effected  & 
little  above  the  level  of  the  top  of  the  mass  of  masonry,  m. 

The  first  slags  obtained  are  of  a  greenish  colour,  and  contain  a  large 
quantity  of  oxide  of  iron.  During  the  fusion,  sulphurous  anhydride,  and 
sometimes  arsenical  vapours,  are  evolved. 

The  next  slags  are  of  a  deep-red  colour,  and  are  rich  in  cuprous  oxidei 
When  the  whole  of  the  impure  copper  constituting  a  charge  has  been 
fused  in  successive  small  quantities,  the  workman  takes  samples,  from 
time  to  time,  by  means  of  an  iron  rod,  and,  from  the  appearance  of  these, 
he  is  enabled  to  judge  of  the  working  of  the  furnace  and  the  state  of  the 
metal  it  contains.  As  soon  as  the  process  is  found  to  be  sufficiently 
advanced,  the  blast  is  stopped  and  the  surface  of  the  metal  is  freed  from 
fragments  of  charcoal.  The  slags  are  then  carefully  raked  from  the 
surface  of  the  metallic  bath,  on  which  a  little  water  is  thrown  to  solidify 
the  upper  surface,  which  is  at  once  withdrawn,  by  an  iron  hook,  in  the 
form  of  a  thin  circular  plate.  When  the  first  disc  has  been  thus  removed 
more  water  is  thrown  on  the  surface  of  the  metal,  and  a  second  film  is 
coagulated  and  lifted  ofEl  These  operations  are  repeated  until  the  whole 
of  the  copper  has  been  removed  from  the  furnace. 

The  rosettes  thus  obtained  do  not  exhibit  the  malleability  and  duc- 
tility of  ordinary  commercial  sheet-copper,  and  in  order  to  communicate 
to  it  these  properties  it  is  necessary  to  subject  it  to  a  final  operation  of 
toughening.  For  this  purpose  the  rosettes  are  again  melted  in  a  similar 
furnace  to  that  above  represented ;  and  as  soon  as  the  discs  are  fused, 
and  have  fallen  into  the  small  concave  basin,  the  surface  of  the  bath  is 
sparingly  covered  with  charcoal,  by  which,  after  a  time,  the  oxide  is 
reduced,  and  the  metal  attaius  a  state  of  malleability. 

LiqiicUion, — ^The  method  of  extracting  silver  from  copper  by  liqua- 
tion was  employed  in  the  Mansfeld  district  up  to  the  year  1836.  The 
efficiency  of  this  process,  which  is  described  by  Agricola,  depends  on  the 
following  principles.  If  lead  and  copper  be  fused  together,  the  two 
metals  unite  ;  and  if  this  mixture  be  rapidly  cooled,  after  being  run  out 
of  the  furnace,  they  remain  in  a  state  of  intimate  admixture.  If,  on 
the  contrary,  the  mixture  be  slowly  heated  to  near  its  point  of  fusion, 
or  be  allowed  to  cool  very  gradually  after  being  in  a  liquid  state,  the 
two  metals  will  separate,  and  the  lead  will  contain  nearly  the  whole  of 
the  silver  originally  in  combination  with  copper,  while  the  latter  metal 
retains  only  a  comparatively  snudl  portion  of  the  lead  added.  The  silver 
may  now  be  separated  from  the  lead  by  cupellation,  and  the  copper  freed 
from  that  metal  by  refining. 

Three  parts  of  copper  and  from  10  to  12  parts  of  lead,  already  con- 
taining a  certain  proportion  of  silver — ^if  such  is  to  be  procured — Bit 
fused  together  in  a  cupola-furnace ;  instead  of  metallic  lead,  litharge  is 
sometimes  employed.  The  fused  alloy,  on  flowing  from  the  fumao^  ^ 
poured  into  cast-iron  moulds,  where  it  is  rapidly  cooled  by  the  help  of 
water,  and  from  which  it  is  removed  in  the  form  of  large  circular  cakes» 
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These  discs  are  subsequently  heated  on  a  liquation  hearth,  in  order  to 
extract  the  argentiferous  lead  in  the  liquid  form,  while  the  associated 
copper  remains  unmelted,  and  forms  a  porous  mass,  retaining  the  form  of 
the  original  cakes. 

This  hearth,  figs.  131  and  132,  consists  of  two  slightly  inclined  plates 
of  cast-iron,  so  placed  as  to  leave  between  them  a  space,  S,  beneath  which 


Fig.  181.— LiquAtion-Hearth. 

is  a  hollow  channel,  C,  left  in  the  mass  of  masonry,  M,  which  supports 
the  iron  plate&     The  metallic  discs  are  placed  perpendicularly  on  these, 
and  are  kept  at  a  short  distance  from  one  another  by  means  of  wedges, 
while  the  open  sides  of  the  area  are  closed,  after   charging,  by  clay- 
lined   plates  of  wrought-iron,  F.      The  fuel  employed,  which  is  char* 
coal,  is  introduced  between  the  metallic  discs,  after  which  the  wedges 
are   withdrawn,   and   some  wood  is 
placed   in  the   channels,  C,  by  the 
combustion  of    which   the    charcoal 
in  the  upper  part  of  the  hearth  is 
ignited ;  the  draught  is  produced  by 
small  chimneys,  d^  left  in  the  masonry 
of  the  fumaca     As  the  temperature 
of  the  cakes  becomes  more  and  more 
elevated,  the  lead,  which  is  the  more 
fusible  metal,  begins  to  melt,  and, 
flowing  over  the  surface  of  the  iron  plates,  falls  into  the  channels,  C,  and 
is  conducted,  by  a  depression  in  the  floor,  into  the  exterior  basins,  h. 
In  proportion  as  these  reservoirs  become  filled,  the  lead  is  removed,  with 
an  iron  ladle,  to  a  mould,  where  it  receives  the  form  of  lenticular  cakes. 
The  copper,  still  retaining  a  certain  amount  of  lead  and  silver,  remains, 
in  the  form  of  half-fused  spongy  masses,  in  the  position  in  which  it  was 
first  placed.     The  lead  thus  separated  by  liquation  contains  a  large  por- 
tion of  the  silver,  as,  from  the  circumstance  of  the  alloy  of  silver  and 
lead  being  more  fusible  than  the  pure  metal,  a  small  quantity  only  of 
silver  is  retained  by  the  lead  which  remains  associated  with  spongy 
copper  on  the  hearth  of  the  furnace. 


Fig.  l82.<^Liquati<m-Hearth ;  Motion. 
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These  porous  masses  of  copper  are,  however,  still  capable  of  affordin!; 
a  certain  amount  of  argentiferous  lead  if  submitted  to  a  higher  tem- 
perature, and  for  this  purpose  are  heated  in  a  peculiarly  constructed 
apparatus,  known  as  a  sweating-furnace. 

The  spongy  masses  of  copper,  remaining  after  the  liquation  of  the 
lead  and  silver,  are  charged  on  the  hearth  of  the  furnace,  and  rest  on 
the  brick  piers  by  which  the  bottom  is  divided  longitudinally  into  flues. 
These  spaces  are  filled  with  wood,  which  is  iguited,  and  the  door  closed. 
The  draught  is  established  through  openings,  in  connection  with  a 
chimney,  by  which  the  smoke  and  heated  air  are  carried  off. 

This  treatment  determines  the  separation,  in  a  liquid  form,  of  a 
further  portion  of  lead,  which  becoming  oxidized  is  chiefly  converted 
into  litharge,  which  falls  to  the  bottom  of  the  flues,  together  with  a  small 
quantity  of  oxide  of  copper  dissolved  in  the  oxide  of  lead.  By  operating 
in  this  way,  copper  is  obtained  still  further  freed  from  lead  and  silver 
than  that  coming  from  the  liquation-hearth,  and  in  the  spaces  between 
the  piers  will  be  accumulated  litharge  containing  silver,  and  a  small  pro- 
portion of  copper  oxide.  This  mixture  was  employed  at  Mansfeld  as  a 
source  of  lead  in  the  cupolas  in  which  the  fusion  of  the  unrefined  copper 
with  lead  was  conducted. 

The  copper  was  formerly  refined  in  a  reverberatory  furnace  somewhat 
resembling  the  Grerman  cupelling-furnace  hereafter  to  be  described. 

A  method  for  the  separation  of  silver  from  copper  mattes  by  amalga- 
mation was  in  operation  at  Mansfeld  up  to  1849. 


Copper-Smelting  by  the  ManhAs  Process. 

This  process,  which  has  for  some  four  and  a  half  years  been  in 
operation  at  the  copper-works  of  Eguilles,  Department  of  Vaucluse, 
France,  was  described  by  the  late  Professor  L  Gruner,  whose  paper 
for  some  time  constituted  almost  the  entire  literature  of  the  subject^ 

Various  persons  have,  at  different  times,  speculated  on  the  possibility 
of  treating  cupriferous  substances  by  the  process  applied  by  Bessemer  to 
the- refining  of  cast-iron,  without  employing  other  fuel  than  the  silicon, 
manganese,  and  carbon  contained  in  the  material  itself.  In  the  same 
way  that  iron  ores  are  reduced  in  the  blast-furnace  to  the  state  of  pig- 
iron  are  copper  ores  reduced  by  a  simple  fusion  to  a  coarse-metal  com- 
posed of  copper,  iron,  and  sulphur.  In  both  operations  the  metals  are 
separated  from  their  gangues,  and  in  both  are  the  most  important  products 
somewhat  similar  in  constitution.  In  the  one  case  it  is  a  mixture  of  iron 
and  manganese  in  combination  with  carbon  and  silicon,  in  the  other  a 
double  sulphide  of  iron  and  copper.  It  would  consequently  appear 
probable  that,  if  by  simply  blowing  through  the  fused  mass  the  carbon, 
silicon,  and  manganese  can,  in  the  one  case,  be  eliminated,  that,  ia  ^^ 
^  '  Annales  des  Mines,'  8*  S6rie,  Tome.ilL  p.  429. 
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other,  sulphur  and  iron  might  he  removed  hy  similar  means,  since  hoth 
these  elements  are  more  readily  oxidizahle  than  copper. 

At  iirst  sight  nothing  would  appear  to  he  more  easy,  hut  nevertheless 
all  the  experiments,  from  the  first,  made  in  Russia  in  1867,  to  those  made 
in  this  country  up  to  1879  hy  Hollway,  resulted  in  complete  failure.  In 
spite  of  their  apparent  similarity,  the  circumstances  in  the  two  cases 
differ  materially. 

In  pig-iron  the  suhstances  to  he  oxidized  never  exceed  10  per  cent, 
of  its  weight,  while  copper  matte  often  contains  from  40  to  60  per  cent 
of  copper ;  so  that  from  60  to  40  per  cent,  of  its  constituents  have  to 
he  removed  hy  oxidation.  Moreover,  the  foreign  hodies,  silicon  and 
carhon,  present  in  cast-iron,  develop  a  large  amount  of  heat  during  their 
comhustion;  the  first  7,800  and  the  second  8,000  calories,  while  the 
iron  and  sulphur  of  the  matte  yield  hut  2,200  and  1,500  calories  respec- 
tively. It  is  true  that  the  specific  heat  of  copper  is  ahout  two-thirds  less 
than  that  of  iron. 

The  weight  of  copper  in  copper  mattes  is,  however,  much  less  than 
is  that  of  iron  in  cast-iron,  so  that  in  point  of  fact  the  reduction  of 
copper  matte  requires  less  heat  than  the  refining  of  cast-iron.  A  priori^ 
then,  the  process  does  not  appear  impoesihle,  although  considerahle  difiS- 
culty  might  he  anticipated  from  the  large  amount  of  iron  to  he  oxidized 
and  passed  off  in  the  state  of  scoriae. 

The  experiments  of  M.  Pierre  Manh^  were  commenced  in  1880,  the 
apparatus  employed  heing  a  small  Bessemer  converter  of  the  usual  con- 
struction, having  an.  air  vessel  at  hottom,  with  vertical  tuyers  injecting 
air  from  helow  upwards  through  the  metal  collected  in  the  hottom.  As 
might  have  heen  anticipated  the  sulphur  and  iron  rapidly  hecame 
oxidized,  the  former  escaping  as  sulphurous  anhydride,  while  the  oxide 
of  iron  formed  a  liquid  slag  at  the  expense  of  the  silica  of  the  refractory 
lining. 

At  the  commencement  of  each  experiment  the  heat  developed  hy  the 
comhustion  of  the  iron  and  sulphur  was  sufficient  to  maintain  the  fluidity 
of  the  metallic  hath,  as  well  as  that  of  the  ferruginous  slags.  This  quiet 
progress  of  the  operation  was  not^  however,  long  continued,  and  was 
followed  hy  difficulties  which  manifested  themselves  towards  the  close 
of  the  experiment 

On  the  one  hand,  at  a  certain  moment  the  progress  of  the  operation 
suddenly  changed,  the  regular  ehullition  produced  hy  the  injection  of 
air  was  followed  hy  rapid  hoiling,  accompanied  hy  violent  projections  of 
slag,  this  action  ultimately  hecoming  so  intense  as  to  entirely  empty  the 
veaseL 

On  the  other  hand,  in  proportion  as  the  sulphur  hecame  humt  off, 
metallic  copper  heing  heavier  than  copper  matte,  accumulated  in  the 
bottom  of  the  converter,  where,  from  the  disappearance  of  the  comhustible 
elements,  it  hecame  chilled,  and  gradually  obstructed  the  tuyers  with 
solid  copper. 
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In  order  to  obviate  the  difficulty,  resulting  from  this  cooling  action 
of  the  blast  upon  the  reduced  copper,  the  vertical  tuyevs  were  replaced 
by  horizontal  ones  injecting  the  blast  into  the  converter  at  a  certain 
height  above  its  bottom.  In  the  apparatus  thus  modified  the  copper  no 
longer  became  chilled,  but,  as  soon  as  it  was  produced,  fell  into  the 
bottom  of  the  vessel,  below  the  horizon  of  the  tuyers,  where  it  remained 
in  a  perfectly  liquid  condition  until  the  close  of  the  operation.  In  this 
way  it  was  found  possible  to  convert  the  whole  of  the  matte  into  metallic 
copper  not  containing  above  1  per  cent,  of  impurity. 

In  order  to  overcome  the  inconvenience  arising  from  the  production 
of  large  quantities  of  ferruginous  slags,  numerous  expedients  had  to  be 
devised,  but  it  was  eventually  found  that  when  the  mattes  contained 
frpm  50  to  60  per  cent,  of  copper  the  slags  no  longer  presented  great 
practical  difficulties. 

In  1881  this  method  of  treating  copper  mattes  was  installed  on  a 
practical  scale  at  Eguilles,  Yaucluse,  by  the  erection  of  three  blast- 
furnaces, each  16  feet  in  height,  for  the  fusion  of  ores,  two  cupolas  8  feet 
in  height  for  re-melting  the  mattes,  and  three  converters  for  the  redue* 
tion  of  mattes  into  metallic  copper.  This  plant  was  afterwards  duplicated 
by  the  erection  of  a  similar  number  of  furnaces  and  converters.  The 
capacity  of  each  of  these  plants  is  equal  to  the  production  of  from  90  to 
100  tons  of  refined  copper  monthly. 

The  ores  treated  at  Eguilles  are  very  variable  in  composition^  con- 
sisting of  copper  pyrites  from  Savoy,  which  is  by  no  means  rich,  impure 
but  tolerably  rich  ores  from  Aveyron  and  the  Pyrenees,  pure  sulphides 
from  Tuscany  containing  from  7  to  15  per  cent,  of  copper,  and  ores  from 
Algeria,  some  of  which  contain  a  considerable  amount  of  antimony. 
These  materials  are  frequently  mixed  with  burnt  cupriferous  pyrites, 
copper-precipitate,  furnace  bottoms,  &c 

Fig.  133  represents  a  vertical  section  of  the  converter  employed  at 
Eguilles,  1a^,  134  is  a  horizontal  section  through  the  tuyers,  and  ^g. 
135  a  section  at  the  level  of  the  trunnions.  Its  greatest  internal  diameter 
is  4  feet  8  inches,  its  total  height  8  feet,  and  the  height  of  the  tuyers 
above  the  bottom  1  foot^  The  inside  of  the  condenser  is  lined  with  a 
mixture  of  fire-cluy  and  siliceous  sand,  the  blast  being  admitted  through 
eighteen  tuyers  each  |  inch  in  diameter,  formed  of  perforated  fire-bricks 
9  inches  in  length. 

The  operation  is  conducted  in  nearly  the  same  way  as  when  cast-iron 
is  operated  on  in  the  Bessemer  converter.  The  vessel,  previously  heated 
to  redness,  receives  a  charge  of  1  ton  of  fused  matte,  and  the  blast,  at 
a  pressure  of  from  10  to  12  inches  of  mercury,  is  turned  on.  The  tem- 
perature rapidly  increases,  and  thick  white  fumes  of  sulphurous  anhydride 
escape  into  a  hood  in  direct  connection  with  a  chimney  165  feet  in  height 
After  blowing  for  a  period  varying  from  fifteen  to  twenty  minutes,  acooid- 
ing  to  the  richness  of  the  matte  under  treatment,  white  fumes  cease  to 
be  evolved,  and  the  contents  of  the  converter  are  poured  into  moolda. 
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Wlien  the  mattes  operated  upon  are  poor,  the  pouring  off  must  he 
efifeoted  as  rapidly  as  possihle  in  order  to  avoid  violent  projections  of  the 
fused  material.  If,  however,  the  mattes  under  treatment  are  moderately 
rich,  in  copper,  no  difficulty  of  this  nature  is  said  to  occur,  and  the  pro- 
duet  -will  he  a  material  ready  for  the  refinery,  containing  from  98  to  99 
per  cent  of  pure  copper,  with  slags  of  from  3  to  5  per  cent.,  which  go 


F\g,  1S8.— Veitieal  Section. 


Fig.  134.— Seotiuii  through  Tuyers,  Fig.  185.— Section  through  Truimions. 

The  Manhte  Conrerter. 

hack  to  the  hlast-fumace.  The  lining  of  a  converter  usually  requires 
renewal  after  from  16  to  18  hlows. 

Mattes  containing  arsenic,  antimony,  lead,  tin,  and  zinc,  are  said, 
when  treated  by  this  process,  to  yield  copper  of  fair  quality,  since  the 
foreign  metals  present  are  stated  to  he  either  oxidized  or  volatilized 

The  copper  obtained  from  the  converter  has  a  nearly  constant  com- 
position, which  varies  but  little  from  the  following : — 

Copper 98-6  to  98*8 

Sulphur 0-9    „    0-8 

Iron 0'6    „    0*4 

100- 

Gruner  estimated  that  at  Eguilles  a  ton  (1,000  kilos)  of  fine  copper 
can  be  produced  from  10  per  cent,  copper  ores  with  an  expenditure  of 
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5  tons  of  coals,  while  he  states  that  a  ton  of  copper  produced  from  the 
same  ores  by  the  Welsh  method  would  require  from  13  to  15  tons  of  a 
similar  f ueL  He  further  estimated  that  the  total  cost  of  producing  a  ton 
of  copper  at  Eguilles  is  from  £6,  8s.  to  J&6,  16s.,  while  he  computed  the 
cost  of  producing  the  same  quantity  of  copper  from  similar  ores  by  the 
Welsh  method  at  from  £12,  16s.  to  £15. 

These  figures,  which  are  reproduced  without  comment,  would,  if 
correct,  indicate  an  important  advance  in  the  treatment  of  copper  ores. 
The  establishment  at  Eguilles  continues  to  employ  this  method  of  work- 
ing, and  licenses  to  operate  under  the  various  patents  are  stated  to  have 
been  granted  both  in  this  country  and  in  America. 

In  a  paper  recently  published  by  Professor  T.  Egleston,^  on  the 
treatment  of  copper  mattes  at  the  works  of  the  Parrot  Silver  and  Copper 
Company,  Montana,  he  states  that  when  first  invented  it  was  supposed 
that  the  Manh^  process  would  produce  blister-copper  from  matte  in 
one  operation.  This  can  be  readily  accomplished  when  matte  contain- 
ing 72  per  cent,  of  copper  is  operated  upon,  but  in  practice  it  is  generally 
found  mora  economical  to  produce  mattes  containing  about  40  per  cent, 
of  copper,  and  afterwards  to  blow  them  twice  in  the  converter. 

The  process,  as  a  whole,  now  consists  of  a  variable  number  of  opera- 
tions depending  on  the  extent  of  the  plant  available,  and  the  number  of 
blows  to  which  the  matte  is  to  be  subjected. 

For  poor  ores  the  operations  are  the  following : — 

1.  Melting  the  ores  without  previous  calcination  to  obtain  a  matte 
yielding  from  25  to  30  per  cent  of  copper. 

2.  Fusion  of  this  matte  in  a  cupola. 

3.  Blowing  the  fused  matte  in  a  converter  until  it  contains  72  per 
cent  of  copper. 

4.  Fusion  of  the  resulting  matte  in  a  cupola. 

5.  Treatment  of  the  fused  matte  in  a  converter  for  blister-copper. 

6.  Refining  in  a  reverberatory  furnace. 

For  rich  ores  the  process,  with  a  sufficient  number  of  converters, 
requires  operations  1,  5,  and  6  only,  as  the  mattes  should  be  run  direcUy 
from  the  cupola  to  the  converter. 

A  more  recent  form  of  converter  employed  by  M.  Manhte  consists  of 
a  cylindrical  horizontal  vessel  of  plate-iron  lined  internally  with  fire- 
brick, and  provided,  on  one  side  only,  with  a  row  of  tuyers.  The  depth 
of  these  below  the  surface  of  the  molten  charge  is  regidated  by  the  partial 
rotation  of  the  cylinder. 

Wet  Processes  for  Copper-Extraction. 

It  has  long  been  known  that  the  waters  issuing  from  certain  copper 
mines  contain  a  considerable  amount  of  copper  in  the  form  of  sulphate. 

1  *  School  of  Minei  Qaarterly,'  May  1886. 
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Agricola  states  that  in  his  time  the  waters  of  a  mine  near  SchmoUnitz, 
in  Hungary,  eroded  iron  and  converted  it  into  copper.  Cupriferous 
waters  of  this  description  are  plentifully  discharged  from  mines  of  which 
the  workings  are  extensive,  and  where  sulphides  of  iron  and  copper  are 
disseminated  over  extensive  areas ;  these  are  converted  by  oxidation  into 
sulphates  of  iron  and  copper,  and  the  resulting  solutions  are  sometimes 
sufficiently  concentrated  to  enable  the  copper  to  be  extracted  with  profit. 
This  is  done  by  bringing  the  waters  in  contact  with  either  wrought-  or 
cast-iron,  which,  abstracting  the  sulphuric  acid  from  the  copper,  the 
latter  precipitates  as  a  crystalline  powder,  while  sulphate  of  iron  is 
carried  off  in  solution ;  the  copper-precipitate  thus  obtained  is  smelted 
and  refined  in  the  usual  way.  At  San  Domingos  in  Portugal  and  at  Rio 
Tinto  and  Tharsis  in  Spain,  enormous  quantities  of  copper-precipitate 
are  now  annually  product. 

At  San  Domingos  the  waters  from  the  mines  are  conducted  over  large 
heaps  of  cupriferous  pyrites,  through  which  channels  for  the  circulation  . 
of  air  have  been  made,  and  the  liquors  thus  obtained  are  collected  in 
reservoirs,  where  the  copper  is  precipitated  by  pig-iron. 

At  Rio  Tinto  and  Tharsis  a  portion  of  the  pyrites  is  burnt  in  large 
heaps,  telereu,  previous  to  lixiviation,  and  the  liquors  obtained  from  the 
treatment  of  the  burnt  ore  are  used  for  leaching  out  the  copper  from  a 
mixture  of  raw  and  spent  burnt  ores. 

At  Agordo  in  the  Venetian  Alps,  at  Miilbach  in  the  Tyrol,  and  in 
certain  localities  in  Norway,  the  process  known  as  "  Kernel-Roasting " 
has  been  employed  for  the  treatment  of  poor  copper  ores.  When  cupri- 
ferous iron  pyrites,  in  fragments  about  the  size  of  the  fist,  is  slowly 
roasted  in  heaps,  it  is  found  that  a  large  proportion  of  the  copper  becomes 
concentrated,  near  the  centre  of  the  several  lumps,  in  the  form  of  a 
rounded  nucleus  consisting  of  a  double  sulphide  of  copper  and  iron. 

This  nucleus  or  "kernel,"  which  gives  its  name  to  the  process,  is 
enclosed  in  a  somewhat  porous  "shell,'^  consisting,  ^mainly,  of  ferric 
oxide,  which  can  be  easily  detached  by  a  hammer.  The  kernels  are 
separated  by  hand,  and  smelted  for  copper,  while  the  shells  are  lixi- 
Tiated  with  water  to  remove  the  small  amount  of  cupric  sulphate  which 
they  contain.  They  are  afterwards  employed  to  form  the  beds  upon 
which  fresh  heaps  of  cupriferous  pyrites  are  calcined.  At  Agordo 
the  raw  pyrites  contains  on  an  average  1-60  per  cent,  of  copper,  the 
kernels  7  per  cent.,  and  the  shells  0*70  per  cent,  of  that  metal  At  Rio 
Tinto  the  ores  when  roasted  in  heaps  frequently  yield  kernels  containing 
40  per  cent,  of  copper. 

The  water  from  the  Wicklow  mines  in  Ireland  also  holds  a  small 
quantity  of  cupric  sulphate  in  solution,  and,  in  ,  order  to  extract  the 
copper,  it  is  conducted  through  a  series  of  troughs  interrupted  at  inter- 
vals by  deep  tanks  or  hutches.  In  these  troughs,  which  are  inclined  at 
an  angle  of  from  7*"  to  10**,  pieces  of  iron  are  so  placed  that  the  water 
flows  constantly  over  them,  and  cement- copper  is  precipitated;  this  is 
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from  time  to  time  swept  down  into  the  tanks,  and  at  intervals  collected 
and  Bold.  The  waters  from  the  Farys  Mountain  mines,  near  Amlwch, 
likewise  afford  a  certain  amount  of  copper  annually,  and  those  of  many 
mines  in  Cornwall  and  elsewhere  are  similarly  treated  for  the  copper 
they  contain. 

Htdrochlorig-Acid  Pboobsb. — In  the  vicinity  of  the  village  of  Twiste, 
in  Waldeck,  several  beds  of  sandstone,  to  a  greater  or  less  extent  im- 
pregnated with  green  carbonate  of  copper,  have  long  been  known.  This 
ore,  although  varying  considerably  in  its  produce,  yields,  on  an  average, 
from  1^  to  2  per  cent,  and  was  formerly  raised  and  smelted^  but  this 
method  of  treatment  not  having  produced  satisfactory  results,  the  opera- 
tions were  finally  abandoned. 

The  insoluble  nature  of  the  quartzose  gangue  with  which  the  copper 
is  associated,  suggested,  some  thirty  years  since,  to  Mr.  Rhodius,  at  that 
time  proprietor  of  the  Linz  metallurgical  works,  the  possibility  of  treat- 
ing such  ores  by  hydrochloric  acid,  and  an  establishment  for  that  purpose 
was  erected  about  the  year  1855. 

The  arrangement  employed  consisted  of  a  crushing- mill  for  the 
reduction  of  the  sandstone  to  a  small  size,  sixteen  dissolving- tubs  to 
effect  the  solution,  and  a  considerable  number  of  tanks  and  reservoirs  for 
the  reception  of  the  copper-liquors  and  the  precipitation  of  the  metal 
by  iron.  Each  of  the  sixteen  dissolving- tubs  was  13  feet  in  diameter 
and  4  feet  in  depth,  and  was  furnished  with  a  wooden  revolving  agitator, 
set  in  motion  by  shafting  connected  with  a  waters  wheel  This  apparatus 
was  sufficient  for  the  treatment  of  20  tons  of  ore  daily,  and  the  conse- 
quent production  of  from  6  to  8  cwts.  of  copper.  In  1856,  vrhen  the 
writer  visited  Twiste,  the  ore  was  raised  and  brought  into  the  works  at 
a  cost  of  4s.  per  ton,  and  each  operation  was  completed-  in  twenty-four 
hours — the  liquors  being  removed  from  the  tanks  to  the  precipitating 
troughs  by  wooden  pumps. 

The  acid  employed  at  this  establishment  was  procured  from  alkali- 
works  in  the  vicinity  of  Frankfurt;  it  contained  only  16  percent,  of  real 
acid,  and  cost,  delivered  at  the  works,  2s.  per  100  lbs.  Each  ton  of 
sandstone  operated  on  required  400  lbs.  of  acid,  which  was  diluted  with 
water  down  to  10  per  cent  before  being  added  to  the  ore.  In  order  to 
precipitate  1  ton  of  copper,  1^  ton  of  iron  scrap  was  used,  and  the 
residues  removed  from  the  waahing-vats  after  the  operation  retained  but 
one-tenth  of  1  per  cent,  of  copper. 

How  long  this  process  was  successfully  carried  on  we  are  not  aware, 
but  are  informed  that  the  works  ultimately  became  unprofitable  on 
account  of  a  falling  off  in  the  yield  of  the  ores. 

This  process  for  extracting  copper  from  poor  siliceous  ores  was  for 
several  years  used  at  Alderly  Edge,  Cheshire,  where  it  was  introduced  by 
Mr.  Henderson. 

The  copper  here  occurs,  chiefly  as  carbonate,  in  Buntor  Sandstone, 
of  which  very  large  quantities  were  raised  and  treated;  but  the  results 
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obtained  did  not,  at  the  ordinary  price  of  copper,  leave  a  large  margin 
of  profit 

Longicaid's  PR00B88BS. — In  the  year  1842  Mr.  William  Longmaid 
took  out  a  patent  for  "  Improvements  in  Treating  Ores  and  Minerals,  and 
in  obtaining  Various  Products  therefrom,  certain  Parts  of  which  Improve- 
ments are  Applicable  to  the  Manufacture  of  Alkali"  This  invention  con- 
sists  in  roasting  ground  iron  pyrites  with  common  salt  in  a  reverberatory 
fomace,  by  which  sulphate  of  sodium  is  produced,  while  any  copper  that 
may  be  present  is  transformed  into  soluble  cupric  chloride.  '*  The  copper 
may  be  separated  from  the  solution  either  with  iron,  as  is  well  understood, 
or,  as  I  prefer,  by  the  addition  of  lime  slaked  in  water,  forming  a  milk  of 
lime."  The  specification  goes  on  to  say :  "  The  solution  from  which  the 
copper  has  been  separated  may,  if  required,  be  concentrated  by  boiling, 
and  set  aside  to  crystallize  in  suitable  vessels,  very  fine  crystals  of  sulphate 
of  soda  being  obtainable." 

In  the  specification  of  a  second  patent,  granted  in  1844,  for  "An  Im- 
provement in  the  Manufacture  of  Copper,  Tin,  -Zinc,  and  Peroxide  of 
Iron,"  Mr.  Longmaid  makes  the  following  observations :  "  1  have  dis- 
covered that  there  are  circumstances  under  which,  and  situations  where, 
ores  containing  copper,  tin,  and  zinc,  with  sulphur,  may  with  advantage 
be  treated  with  common  salt  for  obtaining  the  metallic  parts,  without 
depending  mainly  on  the  profits  derivable  from  the  sulphate  of  soda." 
The  liquors  obtained  by  the  lixiviation  of  ores  which  have  been  fumaced 
with  addition  of  common  salt  will  contain  various  metals  in  solution, 
together  with  sulphate  and  chloride  of  sodium.  ^^  And  I  wish  it  to  be 
understood  that  this  invention  is  confined  to  treating  ores  containing 
copper,  tin,  or  zinc.  The  copper  contained  in  any  liquor  obtained  as 
above  explained  may  be  precipitated,  as  is  well  understood,  by  means 
of  iron,  and  the  milk  of  lime  may  be  subsequently  employed  for  sepa- 
rating the  zinc  associated  with  an  excess  of  lime  and  with  some  oxide 
of  iron. 

"  The  oxide  of  tin  separates  from  the  liquor  by  gravity  with  residuary 
matters,  and  if  they  be  not  broken  fine  enough  for  the  washing  process 
to  separate  the  oxide  of  tin,  they  are  to  be  broken  before  washing,  to 
separate  the  tin  in  the  ordinary  manner.  If  the  whole  of  the  copper 
and  zinc  be  not  converted  into  the  soluble  form  by  the  first  operation,  the 
insoluble  residue  may  be  treated  with  weak  muriatic  acid  obtained  by 
condensing  that  product  (as  is  well  understood)  as  it  is  evolved  from  the 
furnace  where  the  ores  are  being  treated  with  common  salt,  as  above  ex- 
plained, or  weak  muriatic  acid,  otherwise  obtained,  may  be  employed 
to  dissolve  the  copper  and  zinc  not  before  rendered  soluble  in  water,  and 
these  metals  may  be  separated  from  the  solutions  thus  obtained,  as  above 
explained." 

This  process  was  worked  for  several  years  at  St  Helens,  where  the 
copper  was  first  precipitated  by  iron,  and  the  liquors  subsequently 
evaporated  down  for  salt-cake ;  it  was  abandoned  about  the  year  1863. 
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At  the  works' of  Messrs.  Allen,  near  Newcastle,  it  was  likewise  followed 
in  its  entirety  for  many  years,  but  was  ultimately  so  modified  as  to  be 
applied  only  to  the  burnt  pyrites  obtained  from  vitriol  kilns,  and  the 
recoTery  of  sulphate  of  sodium  was  no  longer  attempted. 

"Henderson's  Process." — In  1860  Mr.  William  Henderson  filed  a 
specification  for  "Improvements  in  Treating  certain  Ores  and  Alloys, 
and  in  obtaining  Products  therefrom." 

"These  improvements  relate,  first  to  the  treatment  of  copper  and 
several  other  ores,  when  they  exist  as,  or  have  been  reduced  or  converted 
to  the  state  of  oxides,  carbonates,  or  other  salts  of  copper,  or  other  metal, 
and  especially  when  associated  with  silica  and  other  matter  insoluble  in 
dilute  acids. 

"  Secondly,  to  the  treatment  of  ores  of  copper,  lead,  zinc,  antimony, 
silver,  cobalt,  and  several  other  metals,  when  they  occur  as  sulphurets, 
mixed  or  singly,  and  combined  with  sulphur  and  iron,  as  iron  pyrites, 
containing  all  or  either  of  these  metals,  or  partially  calcined  or  burnt, 
and  being  then  a  mixture  of  oxides,  sulphates,  and  sulphurets,  with  or 
without  silica. 

"  And  thirdly,  to  similar  compounds  when  they  exist  wholly  as  oxides 
or  salts,  and  associated  with  much  silica." 

Ores  of  the  first  class  he  proposes  to  attack,  either  with  or  without 
a  preliminary  roasting,  by  sulphuric  acid,  and  to  evaporate  the  resulting 
sulphate  of  copper  to  dryness  in  leaden  pans,  the  anhydrous  sulphate  of 
copper  being  subsequently  so  heated  as  ta  drive  off  the  sulphuric  acid 
which  is  condensed  in  a  leaden  chamber.  The  resulting  oxide  ia  then 
mixed  with  carbonaceous  matter  and  a  small  quantity  of  a  siliceous  ore, 
and  is  smelted  in  a  reverberatory  furnace  in  the  usual  way ;  the  products 
will  be  blister-copper  and  slag  free  from  regulus. 

''The  second  class  of  ores  I  treat  as  follows:  If  the  proportion  of 
sulphur  existing  in  the  ore  is  more  than  one  and  a  half  times  as  much  as 
the  metal  or  metals  to  be  extracted,  it  should  be  reduced  to  at  least  that 
amount  by  calcination,  or  if  the  ore  contains  much  silica  the  proportion 
of  sulphur  may  be  even  lower  than  an  equal  proportion.  The  ores  are 
reduced  to  fine  powder,  the  finer  the  better,  and  mixed  with  from  5  to  50 
per  cent,  of  common  salt.  The  mixture  is  then  placed  in  retorts  or  close 
calcining-fumaces,  having  flues  or  pipes  communicating  with  the  interior 
of  the  furnace  or  retort,  and  a  condensing-apparatus.  In  these  furnaces 
the  mixture  is  subjected  to  various  degrees  of  heat,  according  to  the 
nature  of  the  ore  and  the  metal  or  metals  contained  in  it  If  the  ore 
contains  much  sulphur  and  little  silica,  the  heat  must  be  applied  carefully 
at  first  and  gradually  increased,  stirring  at  short  intervals.  "When  the 
ore  is  one  of  copper  or  zinc,  and  has  been  previously  burnt  or  calcined, 
the  mixture  of  salt  and  pulverized  ore  may  be  at  once  subjected  to  a 
bright  red  heat;  the  volatilized  chlorides  passing  into  the  condensing 
apparatus  are  condensed  with  water.  The  ore  is  withdrawn  from  the 
furnace  whenever  it  ceases  to  smoke  strongly,  and  if  any  copper  or  other 
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metal  still  remains  in  the  calcined  ore  it  is  only  necessary  to  wash  it 
witli  the  hot  acid  solution  that  runs  from  the  tower  or  condensing- 
apparatus;  by  these  means  the  last  trace  of  copper  or  other  metal  is 
readily  extracted.  The  copper  or  other  metal  is  obtained  from  these 
solutions  by  precipitation  with  iron,  lime,  or  an  alkali,  and  the  sulphate 
of  soda  may  be  afterwards  obtained  by  evaporation  and  crystallization. 
lYhen  a  mixed  ore  is  under  treatment  containing  metals  whose  chlorides 
volatilize  at  different  temperatures  far  removed,  such  as  copper  and  tin, 
copper  or  zinc  and  arsenic,  lead  and  antimony,  I  employ  a  furnace  with 
two  or  more  beds,  all  heated  by  the  same  fire  or  fires,  each  bed  having  a 
separate  condenser.  By  these  means  the  arsenic,  tin,^  or  antimony  are 
volatilized  in  the  upper  or  colder  beds  and  separately  condensed,  and  the 
copper,  lead,  or  zinc  in  the  lower  and  hotter  beds. 

''The  third  class  of  ores  I  treat  exactly  as  the  second  class,  the 
sQica  taking  the  place  of  the  sulphur  and  decomposing  the  salt  at  a 
red  heat." 

It  will  be  seen  that  the  method  of  treatment  patented  by  Mr.  Hender- 
son for  ores  of  the  second  and  third  classes  does  not  materially  differ 
from  that  of  Mr.  Longmaid,  excepting  that  the  former  proposes  to  volati- 
lize and  subsequently  to  condense  a  large  proportion  of  the  copper. 

The  amount  of  copper  thus  volatilized  is,  practically,  of  no  importance, 
but  considerable  quantities  of  chlorine  and  hydrochloric  acid  are  evolved 
from  the  furnaces  in  which  the  calcination  of  the  mixture  of  ore  and  salt 
is  effected.  These  are  condensed  and  advantageously  employed  for  the 
lixiviation  of  roasted  ores. 

At  the  period  when  Mr.  Longmaid  was  carrying  out  his  invention 
the  supply  of  ores  suitable  for  his  process  was  exceedingly  limited,  and 
was  chiefly  derived  from  the  mines  of  Cornwall  and  Devon ;  by  the  time, 
however,  his  method,  in  a  more  or  less  modified  form,  had  been  incor- 
porated into  the  patents  of  Mr.  Henderson,  Spanish  and  Portuguese 
cupriferous  pyrites  had  found  their  way  extensively  into  the  English 
market.  These,  after  being  used  as  a  source  of  sulphur,  furnish  an 
excellent  material  for  such  treatment^  and  numerous  works  have  been 
established  for  extracting  copper  from  "  burnt  ores  "  by  calcination  with 
salt  and  subsequent  lixiviation. 

Trbatment  op  Burnt  Cupripkrous  Pyritbs. — ^Very  lai-ge  quantities  of 
cupriferous  pyrites  are  annually  sent  into  Great  Britain  from  Spain  and 
Portugal,  but  Norwegian  pyrites  is  no  longer  extensively  imported  into 
this  country.  Spanish  and  Portuguese  pyrites  are  approximately  uniform 
in  their  composition,  and  the  limit  of  variation  in  the  amount  of  copper 
present  may  be  taken  at  about  1^  per  cent.  A  specimen  of  this  mineral 
from  the  mines  of  San  Domingos,  in  Portugal,  which  formerly  supplied 
more  than  one-hall  of  the  cupreous  pyrites  consumed  in  this  country,  was 
found  by  Mr.  F.  Claudet  to  have  the  following  composition  : — 

^  When  ores  oontaining  itannie  oxide  &re  thus  treated  chloride  of  tin  is  not  formed. 
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8 49-00 

A» 0'i7 

Fe 4S55 

Ca 8-20 

Zn 0-35 

Pb 0-98 

CftO 010 

HaO 070 

Siliceous  residue 0*63 

Oxygen  and  traces  o£  Tarious  metals    .        .                .  1 07 

100-00 

This  pyrites,  after  being  burnt  for  the  manufacture  of  sulphuric  acid, 
leaves  a  residue  representing  about  70  per  cent,  of  the  weight  of  the  raw 
ore,  which  is  treated  in  the  wet  way  for  the  copper  it  contains ;  an  aver- 
age sample  of  burnt  San  Domingos  pyrites  was  found  on  analysis  to  have 
the  following  composition  : — 

S 8-76 

As 0-25 

Fe 68-25 

On i'li 

Zn 0-87 

Go traces 

Ag traces 

Pb 114 

CaO 0-25 

H,0 8-86 

O,  loss,  &c. 26-98 

Insoluble  residue 1*06 

100-00 

The  treatment  of  these  residues  for  copper  comprehends  the  four 
following  operations : — 
L  Grinding  and  sifting. 

II.  Calcination  with  salt. 

III.  Lixiviation. 

IV.  Precipitation  of  the  copper  by  iron. 

L  Grinding. — For  this  purpose  edge-mills  or  rolls  are  commonly  em- 
ployed, and,  in  order  to  insure  uniformity  of  mixture,  the  salt  is  added 
to  the  burnt  ore  previously  to  grinding.  Coarsely  crushed  rock-salt, 
added  in  the  proportion  of  from  12  to  15  per  cent,  is  generally  used. 
Before,  however,  proceeding  to  grind  the  burnt  ore,  it  is  necessary  to 
ascertain  the  amounts,  respectively,  of  copper  and  sulphur  which  it  con- 
tains, since  on  the  relations  existing  between  these  bodies  depends,  to  a 
great  extent,  the  success  of  the  operation.  In  the  majority  of  cases  the 
amount  of  sulphur  should  exceed  that  of  the  copper  by  about  ^  per  cent 
The  estimation  of  the  former  is  effected  by  barium  chloride,  and  the 
resulting  sulphate  of  barium  weighed ;  the  latter  is  usually  estimated 
by  the  use  of  a  standardized  solution  of  potassium  cyanide. 
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When  the  proportion  of  sulphur  in  the  humt  ore  is  less  than  that 
above  stated,  an  addition  must  be  made  of  finely  ground  unbumt  pyrites ; 
ify  on  the  contrary,  sulphur  is  present  in  excess,  the  ore  must  be  mixed 
with  other  burnt  pyrites  from  which  the  sulphur  has  been  more  com- 
pletely expelled.  The  mixture  of  burnt  oi*e,  salt,  and,  when  necessary, 
raw  pyrites,  is  passed  through  a  sieve  having  five  meshes  to  the  linear 
inch,  and  is  then  ready  for  the  next  operation. 


W  W 


Fig.  180.— RoMtlng.Farnace  ;  longitudinal  elevation. 

n.  Calcination, — The  furnaces  in  which  this  mixture  is  subjected  to 
calcination  vary  considerably  in  their  construction  ;  at  the  various  works 
belonging  to  the  Tharsis  Sulphur  and  Copper  Company  muffle  furnaces, 
with  fireplace  at  one  end,  are  employed ;  at  the  Bede  Metal  Company's 
works  at  Jarrow-on-Tyne  automatic  furnaces,  with  revolving  hearths,  are 
to  some  extent  used ;  but  in  many  cases  long  muffle  furnaces  fired  by  gas 
are  preferred. 


Fig.  187.— Rousting*  Furnace ;  longitudinal  section. 

Figs.  136,  137,  138,  and  139,  represent  the  ordinary  gas  furnace  in 
use  in  a  great  numher  of  the  Lancashire  extraction- works.  The  first  is  a 
longitudinal  elevation,  the  second  a  longitudinal  section,  and  the  third  a 
horizontal  section  through  the  working-doors ;  fig.  139  is  a  transverse  sec- 
tion through  the  centre  of  the  fire-box,  cu  This  furnace  is  30  feet  in  length 
and  1 1  feet  in  width,  outside  measure.  The  gas  from  the  producers  is 
conveyed  to  the  different  furnaces  through  the  flue.  A,  fig.  1 39,  and  enter- 
ing the  box,  a,  is  admitted  to  the  five  parallel  flues,  h,  separated  from 
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one  another  by  brickwork  pillars,  c,  the  supply  being  regalaied  by 
dampers,  d,  fig.  137.  A  sufficient  amount  of  air  to  consume  a  portion 
of  this  gas  is  admitted  by  apertures,  e  (fig.  137),  at  the  end  of  each  flue, 
which  can  be  closed  by  sliding  doors,  while  the  portion  which  remains 
unconsumed  is  burnt  by  the  aid  of  a  further  supply  of  air  admitted  by 
the  openings,  /,  into  the  space,  b\  situated  at  the  opposite  extremity  of 


Pig.  188.— Roaating-Furnaoe  ;  borirontal  section  through  working-doors. 


the  five  flues.  In  this  way  a  long  flame  is  made  to  travel  under  the 
bottom  of  well-jointed  and  rebated  tiles,  ^,  and  over  the  brick  arch  of  the 
muffle.  By  this  means  a  tolerably  equable  temperature  is  maintained 
throughout  the  whole  length  of  the  apparatus,  and  the  products  of  com- 


71g.  180.— Boasting-Furnace ;  transTcrse  section  through  fire-box. 

bustion  escaping  by  A,  are  conveyed  to  the  main  flue,  I,  and  pass  direct 
to  the  chimney. 

The  gases  and  vapours  evolved  from  the  charge  are  carried  by  a  flue, 
m,  to  the  flue,  N,  and  pass  through  an  ordinary  condensing-tower,  filled 
with  coke,  on  their  way  to  the  chimney. 

The  mixture  of  ground  ore  and  salt  is  charged,  by  means  of  a  high- 
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level  railway,  through  the  hoppers,  h^  and  is  at  once  evenly  spread  over 
the  surface  of  the  hearth,  where  it  is  kept  at  a  dull  red  heat  and  fre- 
quently stirred  hy  paddles  or  rakes,  through  the  doors,  /,  until  an  assay 
indicates  that  it  is  in  a  fit  state  for  drawing.  This  is  determined  in  the 
following  way  : — A  fair  sample  of  the  charge  is  obtained  by  removing  a 
small  portion  with  a  paddle  from  every  part  of  the  hearth ;  about  one 
ounce  of  this  is  taken,  and  after  being  fiLnely  ground  in  a  cast-iron  mortar, 
it  is  boiled  with  water,  which  is  subsequently  poured  off.  This  operation 
is  repeated,  successively,  three  times,  and  the  residue  afterwards  boiled 
with  dilute  hydrochloric  acid,  which  is  in  its  turn  poured  off,  and  excess 
of  ammonia  added  to  it ;  finally,  the  residue  from  hydrochloric  acid  is 
boiled  with  nitric  acid,  and  ammonia  added  in  excess.  If  it  be  found  by 
these  trials  that  the  attack  by  hydrochloric  acid  only  acquires  a  slightly 
blue  tint,  and  that  the  nitric  acid  solution  is  entirely,  or  very  nearly, 
colourless,  the  charge  is  ready  to  be  drawn,  since  it  indicates  that,  prac- 
tically, the  whole  of  the  copper  has  been  rendered  soluble  in  water. 
When,  on  the  contrary,  the  nitric  acid  solution  contains  copper,  it  shows 
that  calcination  has  not  been  continued  for  a  sufficient  length  of  time, 
and  should  the  hydrochloric  acid  soluticm,  on  the  addition  of  an  excess 
of  ammonia,  become  decidedly  blue,  it  is  probable  that  the  amount  of 
sulphur  present  in  the  charge  is  not  sufficient  to  effect  the  necessary 
chemical  transformations. 

During  the  process  of  roasting,  the  sulphur  becomes  oxidized,  and 
sulphate  of  sodium  and  soluble  cupric  chloride  are  formed ;  unless,  how- 
ever, the  chaiges  are  properly  compounded  and  carefully  worked  at  a 
suitable  temperature,  a  large  quantity  of  comparatively  insoluble  cuprous 
chloride  will  be  produced,  and  a  serious  loss  of  copper  in  the  residue  will 
be  the  result.  The  charge  weighs  3  tons  5  cwts.,  and  the  time  required 
forfumacing  is  about  six  hours;  the  hydrochloric  acid  and  chlorine  which 
are  evolved,  together  with  a  small  quantity  of  iron  and  copper  chlorides, 
are  passed  into  a  condensing-tower,  through  which  a  constant  shower  of 
water  is  caused  to  descend.  These  waters,  which  are  somewhat  acid, 
are  employed  for  the  lixiviation  of  calcined  ore,  and,  in  addition  to 
hydrochloric  acid  and  chlorine,  contain  iron  and  traces  of  copper. 

III.  Lixiviation, — The  calcined  mixture  of  burnt  ore  and  salt  is  raked 
from  the  furnace,  through  the  doors,  Z,  in  one  of  its  sides,  and  while  still 
hot,  is  charged  into  lixiviating  tanks,  which  are  usually  from  10  to  1 1  feet 
square,  and  somewhat  less  than  4  feet  in  depth.  These  are  made  of  wood 
tightly  calked,  and  are  provided  with  a  removable  false  bottom,  either 
of  perforated  tiles  or  of  fire-bricks,  supported  on  other  bricks  resting,  on 
edge,  on  the  floor  of  the  tank.  Upon  this  is  placed  a  layer  of  cinders 
3  inches  thick,  forming  a  coarse  filter,  on  which  are  charged  about 
15  tons  of  the  calcined  ore.  The  plug-hole  between  the  bottom  of  the 
tank  and  the  filter  bottom  is  now  closed,  and  either  hot  water,  weak 
liquors,  or  tofoer-liqttors  are  run  in,  until  the  surface  of  the  ore  has  been 
covered  to  a  depth  of  several  inches.     This  is  allowed  to  remain  about 
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two  hours,  when  it  is  run  off  into  proper  receivers,  and  the  tank  again 
filled  with  hot  water,  weak  liquors,  or  tower^liquors.  In  this  way  each 
tank  receives  from  nine  to  ten  successive  washings,  and  at  about  the 
seventh  washing  a  little  hydrochloric  acid  is  sometimes  added.  All  the 
liquors  which  drain  from  the  several  tanks  after  the  addition  of  acid  are 
collected  in  a  separate  receiver,  and,  instead  of  being  run  into  cisterns 
containing  iron  scrap  for  the  precipitation  of  the  copper,  they  are  employed 
under  the  name  of  '^  weak  liquors  "  for  washing  the  next  series  of  tanks 
filled  with  freshly  fumaced  ore.  The  operation  of  washing  occupies 
about  forty-eight  hours,  and  the  residual  purple  ore^  which  is  sold  for 
*'  fettling"  puddling-fumaces,  as  well  as  for  other  purposes,  and  of  which 
an  analysis  is  given,  p.  292,  should  not  contain  above  0*15  per  cent  of 
copper.  The  testing  of  the  purple  ore  is  conducted  in  a  similar  way  to 
that  of  the  furnaces. 

Considerable  quantities  of  fume  are  deposited  in  the  flues  connecting 
the  various  furnaces  with  the  condensers ;  these  are  from  time  to  time 
cleaned  out,  and  the  deposit  treated  for  the  copper  it  contains.  A  sample 
of  dry  dust,  obtained  in  cleaning  a  flue  at  the  Widnes  Metal  Works,  in 
connection  with  eight  calciners  working  on  San  Domingos  ores,  was 
found  to  have  the  following  composition : — 

AssO, 2-97 

BiaOs 2-21 

SbaO, 0-28 

ZnO 406 

FejO, 15-98 

PbO 2-00 

CuO 25-38 

AlsOa traoe 

CftO 2-38 

MgO tmoe 

K3O    .        , 0-23 

NaaO 1-81 

NaCl 2-73 

SOs 40-32 

SiOs trace 

100-26 

This  analysis  is  chiefly  interesting  as  showing  the  large  number  of 
metals  contained  in  the  ores  treated. 

lY.  Precipitation, — In  establishments  in  which  the  silver  is  extracted 
from  burnt  pyrites  by  Claudet's  process,  the  UquorB  from  the  first  three 
washings,  which  contain,  practically,  the  whole  of  that  metal,  are  first 
treated  with  a  soluble  iodide,  and  the  iodide  of  silver  formed  is  allowed 
to  settle.  The  copper-liquors  drawn  off  from  the  iodide  of  silver  are,  in 
such  cases,  added  to  the  weaker  solutions  from  subsequent  washings; 
but  when  the  silver  is  not  thus  separated  the  whole  of  the  copper  solu- 
tions, with  the  exception  of  the  weak  liquors,  are  at  once  run  direcUy 
into  the  precipitating-tanks.    These  are  commonly  12  feet  square  and  4 
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feet  in  depth,  and  are  partially  filled  with  clean  iron  scrap ;  precipitation 
of  the  copper  heing  accelerated  by  boiling  the  liquors  by  the  introduction 
of  a  jet  of  steam.  In  the  course  of  some  twelye  hours  complete  precipi- 
tation of  the  copper  will  have  taken  place,  and,  when  stains  of  that  metal 
are  no  longer  deposited  on  a  brightly  polished  knife-blade  when  dipped 
into  the  liquors,  they  are  first  allowed  to  settle,  and  subsequently  run  off. 

In  order  to  separate  the  precipitated  copper  from  the  undissolved  iron 
the  mass  is  turned  over  with  an  iron  fork,  and  the  larger  pieces  of  that 
metal  picked  out.  The  remainder  is  now  washed  on  perforated  cast-iron 
plates,  through  which  the  particles  of  precipitated  copper  pass  into  a 
properly  Gonstructed  receiver ;  the  fragments  of  iron  are  raked  off  their 
surface  and  returned  to  the  precipitating  tanks.  The  predpitaie  thus 
prepared  will  contain  from  60  to  80  per  cent  of  metallic  copper,  and 
may  be  either  melted  directly  for  blister-copper,  or,  which  is  preferable, 
fused  with  sulphides,  and  afterwards  subjected  to  a  process  of  roasting. 

MoniTiGATiONB  OF  THE  ORDINARY  Wbt  Procbss. — In  somc  establish- 
ments, instead  of  precipitating  the  copper  by  the  use  of  iron  scrap, 
sponge4ron  has  been  employed.  This  is  prepared  by  heating  a  mixture 
of  coke-dust  and  purple  ore  in  a  reverberatory  furnace,  and  drawing  the 
reduced  metal  into  cast-iron  vessels,  which  are  hermetically  closed  until 
they  and  their  contents  have  become  nearly  cold.  When  sufficiently 
cooled,  the  spongy  metal  is  ground  under  edge-runners,  and  sifted  through 
a  fine  sieve.  The  precipitation  of  copper  is  very  rapidly  effected  by  the 
use  of  iron  sponge,  but  the  precipitate  obtained  invariably  contains  a 
considerable  percentage  of  iron. 

The  amount  of  sulphate  of  sodium  produced  during  the  treatment  of 
burnt  pyrites  in  the  wet  way  is  very  considerable,  and  various  attempts 
have,  at  different  times,  been  made  to  effect  its  recovery  by  crystallization 
or  otherwise.  At  the  Bede  Works  the  waste  liquors  were  for  some  time 
converted  into  soda-ash  by  a  process  invented  by  Mr.  T.  Gibb,  the  then 
manager;  sulphate  of  sodium  in  the  waste  liquors  was  converted  into 
sodium  sulphide  by  balling  with  coal-dust,  and  carbonic  anhydride  passed 
through  the  liquors  obtained  by  lixiviation.  Carbonate  of  sodium  was 
thus  formed,  and  the  sulphuretted  hydrogen  evolved  was  employed  for 
the  precipitation  of  copper  from  the  solutions  obtained  by  washing  cal- 
cined ores.  The  processes  adopted  were,  however,  of  a  complicated 
nature,  and  this  method  of  treating  the  liquors  has  been  long  since 
abandoned. 

Copper-Refining  by  Electrolysis. 

In  order  to  obtain  chemically  pure  copper,  and,  at  the  same  time,  to 
recover  the  silver  and  gold  which  is  present  in  notable  quantities  in  many 
varieties  of  bar-copper,  the  process  of  refining  by  electricity  is  sometimes 
employed. 

In  the  year  1866,  Messrs.  Elkington  of  Birmingham  obtained  letters 
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patent  for  a  process  of  this  description  in  which  impure  copper,  in  con- 
nection with  the  positive  pole,  is  placed  in  a  suitahle  solution,  while  in 
proportion  as  this  impure  copper  dissolves,  pure  copper  is  deposited  on 
the  negative  pole.  The  specification  further  states  that  a  series  of  tanks 
containing  a  nearly  saturated  solution  of  sulphate  of  copper  is  to  be  em- 
ployed, and  that  a  magneto-electric  machine  is  to  be  preferred  as  the 
source  of  electricity. 

Copper-refining  by  electrolysis  has  now  for  some  years  been  exten- 
sively carried  on  by  the  Norddeutsche  Affinerie  at  Hamburg,  by  MM. 
(Eschger  and  Mesdach  at  Biache-Saint-Waast,  by  M.  Hilarion  Boux 
at  Marseilles,  at  the  Oker  Works,  and  by  the  Mansfeld  Mining  Ga  in 
Saxony,  by  Lyon-Almand  &  Co.,  Paris,  by  M.  Andrd  in  Frankfurt,  and 
by  sundry  refiners  in  this  country,  among  the  principal  of  whom  are 
Messrs.  Elkington  &  Co.,  and  Messrs.  Elliott's  Metal  Co.,  Limited,  of 
Birmingham. 

As  the  establishments  in  which  refining  by  electricity  is  carried  on 
are  not  easily  accessible  to  strangers,  it  is  impossible  to  obtain  precise 
information  relative  to  all  the  details  of  the  various  operations.  The 
Norddeutsche  Affinerie  at  Hamburg  is  conducted  upon  a  very  extensive 
scale,  and  the  copper  produced  in  that  establishment  has  the  reputation 
of  being  of  exceptionally  good  quality.  The  following  data  relating  to 
that  and  some  other  refineries  are  given  on  the  authority  of  a  recent 
work  by  M.  Hippolyte  Fontaine.^ 

The  currents  employed  at  the  JN'orddeutsche  Affinerie  are  obtained 
from  six  large  Gramme  machines  and  from  another  very  large  dynamo 
specially  constructed  for  these  works. 

Pure  copper  to  the  amount  of  2^  tons  is  produced  daily,  and  a  very 
large  amount  of  gold  is  stated  to  have  been  annually  recovered  from  the 
muddy  residues  deposited  in  the  baths. 

The  large  machine  before  mentioned  makes  500  revolutions  per 
minute.  The  number  of  baths  is  40,  arranged  in  two  series  of  20  each ; 
the  surface  of  the  anodes  in  each  bath  is  323  square  feet^  thus  making  a 
total  of  12,920  square  feet.  The  cathodes,  of  fine  copper,  are  about  ^V 
inch  in  thickness,  the  distance  between  the  anodes  and  cathodes  is  2 
inches,  and  the  daily  production  of  refined  copper  1,760  lbs.  avoirdupois. 
This  machine  has  worked  continuously  night  and  day  during  the  last 
nine  years,  with  an  expenditure  of  16-horse  power.  Two  other  series  of 
tanks  are  more  economically  worked  with  regard  to  the  power  employed. 
In  these  two  series  there  are  120  baths,  arranged  for  tension,  each  hav- 
ing an  anode  surface  of  161  square  feet.  The  current  is  supplied  by 
two  Gramme  machines,  coupled  for  tension,  requiring  12-horse  power, 
and  depositing  1,980  lbs.  of  copper  every  twenty-four  hoursL 

At  the  works  of  MM.  (Eschger  and  Mesdach,  a  machine  is 
employed  in  all  respects  similar  to  that  made  for  the  Norddeutsche 

'  Electrolyse  par  Hippolyte  Fontaine,  Libniirie  Polytechniqae,'  Paru,  188$. 
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Affinerie  at  Hamburg,  and  furnishes  a  current  to  20  baths,  yielding  a 
production  of  880  lbs.  of  copper  daily.  Each  bath  contains  88  anodes 
and  69  cathodes,  of  which  the  total  surfaces  are  equal.  The  anodes  have 
a  thickness  of  f  inch,  and  the  cathodes,  which  are  of  pure  copper,  are 
■^-g  inch  in  thickness.  If  both  surfaces  of  the  anodes  be  measured  their 
united  area  will  be  12,900  square  feet.  The  distance  between  the 
anodes  and  cathodes  is  2  inches,  and  the  copper  is  deposited  upon  the 
latter  in  the  form  of  thick  plates,  sufficiently  sound  to  be  taken  directly 
to  the  rolling-mill.  Frequently,  however,  the  refined  copper  is  detached 
from  the  cathode,  which  is  readily  accomplished. 

The  gold  and  silver  fall  to  the  bottom  of  the  tanks  in  the  form  of  a 
muddy  deposit^  together  with  such  pieces  of  copper  as  may,  from  time 
to  time,  become  detached  from  the  plates  forming  the  poles.  The  baths, 
when  required,  are  emptied  by  a  leaden  syphon,  and  the  mud  is  washed 
and  passed  through  a  sieve  to  separate  any  pieces  of  copper  which  may 
be  present.  After  drying,  this  deposit  is  fused  with  litharge,  and  the 
resulting  lead  subjected  to  cupellation. 

At  the  Oker  Copper  Works,  near  Goslar,  three  large  dynamos 
have  been  put  up  by  Messrs.  Siemens  &  Co.,  one  of  which  has  been 
working  continuously  during  the  last  four  years,  but  the  two  others  are 
of  more  recent  construction.  Each  of  these  machines  supplies  a  current 
to  10  or  12  large  tanks,  and  precipitates  daily  from  528  to  660  lbs.  of 
copper,  with  an  expenditure  of  from  10-  to  12-horse  power. 

M.  Fontaine  gives  the  following  estintate  of  the  cost,  per  ton,  of  re- 
fining copper  by  electricity  at  various  works,  but  is  careful  to  call  attention 
to  the  fact  that  it  must  be  regarded  only  as  a  very  rough  approximation. 


Cost 

OF  Repining  Copper  by  Eleotrioitt. 

Name  of  Works. 

Interest 
on  Capital. 

MotlTe 
Power. 

Repairs. 

Labour. 

Oeneral 
Expenses. 

Totals. 

Hilarion  Bonx,  Mar- ) 
seilles       .        .         i 

Norddeutsche    Affin- 
erie, HambttTg.         ( 

Elliott's  Metal    Co., 
Birmiogbam     .         $ 

£    8.     d. 

3     3     0 
2  11     9 
1     8    9 

£    s.    d. 
4     9     8 

1  11     7 

7     4    0 

£    8.    d. 
0  16     0 

0  9     7 

1  4    0 

£     8.     d. 

2  17     8 

1  12     0 

2  6     8 

£    8.    d. 
4     6     8 

1  12     1 

2  6     8 

£     8.     d. 
15  12     0 

7  17    0 

14    9     8 

As  an  example  of  the  extent  of  plant  required  for  this  method  of 
refining  it  may  be  stated  that  in  the  Hamburg  establishment  there  are 
no  less  than  12,800  square  feet  of  anode,  and  an  equal  surface  of  cathode, 
in  operation  at  the  same  time ;  and  that  the  total  weight  of  copper  con- 
stantly in  the  baths  is  125  tons. 

C!opper-refining  by  electricity  is  consequently  an  expensive  operation, 
necessitating  an  extensive  plant  and  a  considerable  amount  of  unproduc- 
tive stock.     On  the  other  hand,  the  copper  obtained  is  purer,  and  fetches 
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a  higher  price,  than  that  produced  in  the  ordinary  way,  while  the  whole 
of  the  gold  and  silver  contained  in  the  copper  operated  on  is  recovered 
and  made  available. 


Treatment  of  Copper  Mattes  bt  Electrolysis. 

By  the  Marchese  process  the  mattes  operated  upon  are  cast  into 
plates  so  as  to  form  anodes,  while  the  cathodes  are  thin  sheets  of  copper ; 
these  are  immersed  in  baths  containing  from  3  to  4  per  cent,  of  copper 
obtained  by  roasting  and  lixiviating  rich  copper  mattes.  At  Stolberjr, 
where  mattes  containing  copper,  lead,  and  silver  have  recently  been  sub- 
jected to  electrolysis  upon  a  working  scale,  their  composition  is  approxi- 
mately as  follows : — 

Gu 15  to  16  per  cent. 

Pb U 

Fe 41  to  42      „ 

S 26 

Ag 16  oz.  7  dwts.  per  ton. 

These  mattes  are  obtained  by  roasting  and  re-melting  the  coarse-metal 
resulting  from  the  treatment  of  argentiferous  lead  ores  containing  copper. 

The  dynamo  employed  is  by  Siemens  &  Halske  of  Berlin,  belong- 
ing to  their  class  C^,  making  1,118  revolutions  per  minute,  and  consuming 
somewhat  less  than  one  horse-power.  The  copper,  which  is  deposited  at 
the  rate  of  29  "30  lbs.  avoirdupois  in  twenty-four  hours,  is  chemically  pure, 
while  the  lead  and  silver,  which  either  remain  on  the  anodes  or  accumulate 
in  the  form  of  mud  at  the  bottom  of  the  tanks,  are  treated  by  one  of  the 
ordinary  methods  employed  for  the  separation  of  those  metals. 

The  above  experiments,  upon  a  moderate  scale,  having  been  regarded 
as  satisfactory,  the  "Actien  Gesellschaft  von  Stolberg  und  Westphalen" 
has  proceeded  to  erect  works  capable  of  producing  from  12  to  13  cwts.  oi 
copper  in  twenty-four  hours  from  their  own  and  purchased  mattes.  Ulti- 
mately M.  Marchese  hopes  to  be  enabled,  from  such  mattes,  to  deposit  a 
ton  of  copper  in  twenty-four  hours  with  an  expenditure  not  exceeding  45 
horse-power. 

This  process  has  been  carried  on  during  the  last  eight  months  (1885) 
at  Sestri  Levante,  near  Genoa,  by  the  <'  Society  di  Miniere  di  Bame  e  di 
Elettrometallurgia,"  on  mattes  containing  20  per  cent,  of  copper,  and 
another  establishment  was  subsequently  started  at  Ponte  San  Martino, 
Piedmont,  on  very  similar  material  The  process  employed  is  similar  to 
that  in  operation  upon  the  plumbiferous  mattes  of  Stolberg. 

Allots  op  Copper. 

The  addition  of  zinc  materially  affects  the  colour  of  copper;  if  added 
in  small  proportion,  the  alloy  assumes  a  golden -yellow  colour;  if  the 


COPPER.  463 

percentage  of  zinc  be  greater  a  pale^traw  colour  is  obtained,  and  if  zinc 
predominates,  the  colour  of  the  alloy  is  greyish-white  or  iron-grey. 

Various  alloys  of  this  kind,  of  which  the  most  important  is  known  by 
the  name  of  brasSy  are  employed  in  the  arts.  The  proportions  of  the 
two  metals  best  calculated  for  the  production  of  fine  brass  seem  to  be 
about  two  parts  by  weight  of  copper  to  one  of  zinc. 

Brass  solder  consists  of  two  parts  of  brass  and  one  of  zinc,  to  which 
a  little  tin  is  occasionally  added ;  but  when  the  solder  is  required  to  be 
very  strong,  as  for  uniting  the  edges  of  tubes  intended  subsequently  to 
undergo  the  process  of  drawing,  two  parts  of  common  brass  and  two- 
thirds  of  a  part  of  zinc  may  be  employed.  Mosaic  gold  consists,  approxi- 
mately, of  65  parts  of  copper  and  35  of  zinc.  Bath-metal  is  composed 
of  about  78  parts  of  copper  and  22  of  zinc  Pinchbeck  and  Mannh£im 
gold  are  merely  different  names  for  an  alloy  similar  to  Princess  nietat^ 
which  is  composed  of  three  parts  of  copper  and  one  of  zinc,  separately 
melted  in  different  crucibles,  and  afterwards  mixed  and  incorporated  by 
stirring. 

Copper  is  sometimes  externally  converted  into  brass  by  exposure,  when 
at  a  red  heat,  to  the  vapour  of  zinc ;  in  this  way  are  prepared  the  copper 
bars  from  which  the  so-called  "  gold  wire  "  of  Lyons  is  manufactured. 

Copper  is  also  extensively  alloyed  with  tin,  in  combination  with  which 
it  yields  many  valuable  compounds,  variously  named  in  accordance  with 
their  respective  compositions  and  uses. 

Ghm^meialj  of  which  cannon  are  made,  consists  of,  about,  copper  91, 
tin  9. 

BeU-metal  is  composed  of,  about,  copper  78,  tin  22. 

The  alloy  of  which  gongs  and  cymbals  are  manufactured  has  usually 
the  following  composition  :  copper  80,  tin  20. 

Bronze. — Alloys  of  copper  and  tin,  although  still  important,  were 
more  so  before  iron  was  extensively  used,  since  prior  to  that  period  they 
were  employed  in  the  manufacture  of  cutting  instruments.  For  this 
purpose  a  mixture  of  90  parts  of  copper  to  10  of  tin  was  most  commonly 
used,  although  a  little  lead  was  occasionally  added,  perhaps  with  a  view 
of  imparting  to  the  alloy  a  certain  degree  of  toughness. 

The  preparation  and  fusion  of  these  different  mixtures  is,  according 
to  the  quantities  required,  conducted  either  in  a  reverberatory  furnace, 
or  in  strongly  heated  crucibles. 

German  silver,  an  alloy  of  copper,  zinc,  and  nickel,  has  been  long 
known  and  extensively  used  in  China,  and  was  formerly  imported  into 
£urope  under  the  name  oi  packfong.  In  1776  it  was  first  recognized  as 
an  alloy  of  copper  and  zinc  with  nickel,  and  from  being  afterwards 
largely  manufactured  in  Germany  it  received  the  name  of  German  silver. 
It  is  now  extensively  prepared  in  various  parts  of  England,  but  particu- 
larly at  Shef&eld,  where  it  is  manufactured  into  spoons,  forks,  and  various 
other  articles  for  domestic  use  ;  these  are  plated  by  the  electrotype  pro- 
cess, and  employed  as  a  substitute  for  silver. 
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The  following  analyses,  given  by  Dr.  Lambom,  serve  to  show  the 
composition  of  several  varieties  of  this  alloy : — 


Cu. 

Ni. 

Zn. 

Chinese  packfong    . 
English  German  silver 
Berlin  argentan 
Sheffield  German  silver   . 

43-8     I      15-6 
61-3     ,      191 
520     '      26-0 
57-0          24-0 

40-6 
19-1 
22D 
130 

Phosphor -bronze  is  an  alloy  particularly  well-suited  for  making  fine 
and  sound  castings;  a  good  specimen  of  this  material  was  found  on 
analysis  to  have  the  following  composition  : — 

Cu 82-20 

Sn 12-95 

Pb  .         .                 4-28 

P 0-52 

99-95 

The  electric  conductivity  of  phosphor-bronze  is  only  about  20  per 
cent,  that  of  copper,  but  silicon-bronze  conducts  electricity  almost  as  well 
as  copper  itself. 

Manganese-bronze  is  prepared  by  combining  ferro-manganese,  in 
different  proportions,  with  various  bronze  and  brass  alloys,  thus  produc- 
ing qualities  suitable  for  special  purposes.  This  alloy  is  employed  as  a 
material  for  the  propelling-screws  of  steamers. 

Delta-metal  is  an  alloy  of  copper,  zinc,  and  iron,  prepared  by  adding 
to  melted  copper  the  alloy  of  zinc  and  iron  which  is  formed  in  vessels 
in  which  the  latter  metal  is  externally  covered  with  the  former  by  the 
process  known  as  "galvanizing."  When  fused  it  is  said  to  run  freely, 
and  to  afford  fine-grained  and  perfectly  sound  castings,  which  in  colour 
somewhat  resemble  pale  gold.  It  is  easily  rolled  into  sheets  or  bars,  and 
can  be  drawn  into  wire.  Under  favourable  circumstances  this  alloy  is 
said  to  withstand  a  breaking  strain  of  33  tons  per  square  inch. 

Although  the  foregoing  are  some  of  the  more  important  alloys  of 
copper,  there  are  numerous  others  which  are  occasionally  employed  by 
the  artisan.  With  iron  it  appears  to  combine  in  very  small  proportions 
only,  with  aluminium  it  forms  an  alloy  of  considerable  malleability  and 
great  hardness,  which  is  capable  of  taking  a  high  polish. 

Brass. — Brass,  for  which  the  old  name  is  latteUy  is  essentially  an  alloy 
of  copper  and  zinc. 

\  The  first  brass-works  erected  in  England  are  said  to  have  been  put  into 
operation  in  1649  at  fisher,  in  Surrey,  where  rosette-copper,  imported 
from  Sweden,  was  exclusively  employed  in  the  manufacture ;  the  po- 
prietor  having,  however,  become  involved  in  a  disastrous  lawsuit,  the 
establishment  was  ultimately  broken  up.     Birmingham,  where  the  trade 
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is  stated  to  haye  been  first  introduced  in  1740,  by  the  Turner  family,  is 
now  the  principal  seat  of  the  brass  industry  of  this  country.  Brass  is 
harder  than  copper,  and  consequently  better  calculated  to  resist  wear  ;  it 
is  also  in  a  high  degree  malleable  and  ductile,  so  that  it  is  easily  rolled 
into  sheets  and  readily  hammered  into  vessels  of  any  required  shape.  It 
can,  moreover,  be  worked  by  the  process  of  stamping  into  numerous 
ornamental  and  useful  objects,  and  admits  of  being  drawn  into  fine  wire ; 
it  fuses  at  a  lower  temperature  than  copper,  and  is  capable  of  receiving  a 
more  delicate  impression  of  the  mould.  Finally,  it  turns  easily  in  the 
Jathe,  its  colour  is  agreeable,  it  is  capable  of  receiving  a  high  polish,  and 
it  possesses  over  copper  the  advantage  of  greater  cheapness. 

Until  a  comparatively  recent  date  brass  was  exclusively  made  by  the 
old  process  of  cementation,  which  has  become  superseded  by  directly 
alloying  copper  with  metallic  zinc. 

The  general  name  of  brass  is  applied  to  alloys  of  copper  and  zinc,  into 
the  composition  of  which  the  two  metals  enter  in  very  different  propor- 
tions. The  following  table,  compiled  from  Mr.  Mallet's  figures  (Report 
of  the  Meeting  of  the  British  Association  at  Glasgow,  1839),  gives  the 
proportions  and  peculiarities  of  several  varieties  of  brass  : — 


Cu. 

Zn. 

Colour  of  Alloy. 

/       Fracturo. 

Remarks. 

88-60 
83-02 
79  65 
74-58 
66-18 

49-47 

31-52 
24-50 

11-40 
16  98 
20-35 
25-42 
33-82 

50-53 

68-48 
75-60 

Beddish-yellow     . 
Yellowiuh-red 

Pale  yellow , 
Full  yeUow . 

»»          • 
Silver-white 
ABh-grey     . 

Finely  crystalline. 
»» 

»i                  • 
i»                   • 
»f 

Ck)ar8ely  crystalline . 

Conchoidal 

Finely  crystalline    . 

Rolled  brass. 
Mosaic  gold. 
German  brass. 

1      brass. 
Very  hard  and  brittle. 
BritUe. 

\ 


Manufacture  of  Calamine  Brass, — This  very  ancient  process,  by  which 
for  a  long  period  brass  was  exclusively  manufactured,  seems  to  have  dis- 
appeared from  among  the  industries  of  the  United  Kingdom.  The  various 
operations  of  this  process  are  conducted  in  the  following  way : — The  fur- 
nace employed  consists  of  a  circular  chamber  lined  with  firebricks,  con- 
tracted above  to  a  circular  opening  serving  as  a  chimney ;  the  bottom  is 
closed  by  a  cast-iron  plate,  in  which  are  twelve  holes,  symmetrically 
arranged  around  one  larger  hole  in  the  centre.  Through  this  central 
hole  are  withdrawn  the  ashes  and  clinkers,  which  fall  into  an  ash-pit, 
commimicating,  by  means  of  an  arched  air-way,  with  a  long  passage  or 
vault  by  which  air  is  conveyed  to  the  furnace  from  the  outside,  and 
through  which  access  to  the  ash-pit  is  obtained.  Over  the  holes  in  the 
bed-plate,  with  the  exception  of  that  in  the  centre,  are  placed  cast-iron 
tuyers  or  nozzles,  6  inches  in  length,  2  inches  in  diameter  at  bottom, 
and  1  inch  at  top,  inside  measure ;  the  space  between  the  nozzles  is  filled 
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up  level  with  their  upper  extremities  with  refractory  brioks  set  in  fire- 
clay, so  as  to  form  a  level  floor  6  inches  in  thickness.  This  forms  a 
substitute  for  the  ordinary  fire-grate,  the  air  necessary  for  sustaining 
combustion  entering  through  the  different  nozzles.  Several  of  these 
furnaces  are  usually  constructed  in  a  row,  and  over  the  whole  is  built  a 
brickwork  chamber  terminating  in  a  cone  open  at  the  top  like  that  of  aa 
ordinary  glass-house.  These  furnaces  have  no  chimney  excepting  the 
mouth,  which  is  kept  more  or  less  closed  by  a  sliding  cover  consisting  of 
a  circular  fire-tile  set  in  an  iron  framing. 

The  crucibles  employed  are  round,  and  made  of  fire-clay,  each  being 
12^  inches  in  height  and  8|  inches  wide  at  top;  the  central  crucible, 
sometimes  called  the  king-poiy  is  often  a  little  larger  than  the  others, 
being  capable  of  holding  120  lbs.  of  metal,  whereas  the  others  contain 
only  84  lbs.  each. 

A  mixture  of  100  lbs.  of  finely-ground  and  well-calcined  calamine  or 
roasted  blende  and  40  lbs.  of  ground  coal,  is  intimately  incorporated,  dry, 
and  then  passed  through  a  sieve  of  eight  holes  to  the  linear  inch.  This 
mixture  is  subsequently  damped  and  then  passed  through  a  much  coarser 
sieve,  after  which  it  is  mixed  with  66  lbs.  of  granulated  copper,  becm- 
shotf  fuid  is  then  ready  for  charging. 

As  the  operation  of  making  braas  is  carried  on  continuously,  the 
mixture  is  introduced  into  the  crucibles  while  they  are  still  red  hot  from 
the  treatment  of  a  previous  charge,  and  their  mouths  are  severally  covered 
by  large  pieces  of  coal,  while  the  spaces  between  the  different  crucibles 
are  filled  with  coal  broken  into  pieces  of  the  size  of  the  fist  The  mouth 
of  the  furnace  is  now  partially  closed  for  one  hour  and  a  half,  for  the 
purpose  of  transforming  the  coal  into  a  kind  of  coke ;  the  orifice  is  then 
still  further  closed  for  a  short  time,  and  the  coke  properly  arranged 
between  the  different  pots,  caro  being  taken  to  keep  all  the  air-holes 
open.  The  heat  is  now  progressively  raised  by  the  gradual  removal  of 
the  cover,  and,  if  skilfully  conducted,  the  operation  will  be  completed  in 
about  ten  hours. 

In  order  to  collect  the  brass  which  has  been  formed,  the  king-pot  is 
first  taken  out)  and  its  contents  well  stirred  with  an  iron  rod  flattened  at 
the  end;  one  of  the  side  pots  is  next  removed,  treated  in  the  same 
manner,  and  the  brass,  which  collects  at  the  bottom,  poured  into  the 
king-pot.  All  the  other  side  pots  are  successively  treated  in  the  same 
way,  and  the  brass  which  has  been  collected  in  the  central  pot  is  finally 
skimmed  and  poured  into  moulds.  Dr.  Percy  states,  on  the  authority 
of  an  old  calamine-brass  maker,  that  good  pots  lasted,  on  an  average, 
sixteen  days,  and  were  not  allowed  to  cool  during  that  period. 

Direct  Freparatton  of  Brass, — This  may  be  effected  by  melting 
together  a  mixture  of  copper  and  zinc,  either  in  crucibles  or  in  a  ^eve^ 
beratory  furnace.  When  this  operation  is  conducted  in  crucibles  the 
zinc  should  be  added  to  the  copper  immediately  after  the  latter  has 
entered  into  fusion,  and  the  ingots  of  copper  should  be  heated  to  redness 


TIN.  467 

previously  to  their  introductioti  into  th6  pot&  In  making  castings,  and 
in  the  re-melting  of  brass,  there  is  always  a  considerable  loss  of  zinc 
through  volatilization,  for  which  allowance  must  be  made  when  arranging 
the  mixture.  Granite  moulds  were  formerly  used  for  casting  ingot-brass, 
but  iron  is  liow  generally  employed. 

Muntz's  metal,  or  yellow-metal,  which  has  almost  entirely  super- 
seded copper^heathing  in  the  merchant  service,  is  prepared  in  rever- 
beratory  furnaces,  the  zinc  being  gradually  added  to  the  melted  copper. 
Before  tapping,  samples  of  the  alloy  are  taken  out  of  the  furnace  in  the 
same  way  as  the  copper  proofs  made  use  of  in  the  process  of  refining ; 
these  are  cast  into  oblong  ingots,  hammered,  and  broken  in  a  vice,  the 
quality  of  the  mixture  being  judged  of  in  accordance  with  the  appearance 
presented  by  the  fracture.  This  should  be  close  and  finely  granular,  but 
if  the  first  trial  should  not  prove  satisfactory  more  zinc  or  copper  is  added, 
and  the  mixture  well  stirred;  this  is  repeated  until  the  fracture  of  a 
sample  ingot  indicates  that  the  right  proportions  of  the  two  metals  have 
been  reached.  The  necessity  for  this  method  of  testing  is  caused  by 
the  great  facility  with  which  zinc  becomes  volatilized,  and  consequently, 
although  the  proper  quantities  of  the  two  metals  may  have  been  charged 
into  the  furnace,  it  is  impossible  to  make  accurate  allowance  for  the 
amount  of  zinc  which  may  be  driven  off.  It  also  frequently  happens 
that  the  charge  of  a  furnace  is  made  up  with  a  mixture  of  old  yellow- 
metal,  new  copper,  and  zinc ;  in  such  cases  the  difficulty  of  making  due 
allowance  for  loss  of  zinc  will  be  still  greater.  When  ready  the  metal  is 
tapped  into  a  large  ladle  and  either  poured  or  laded  into  closed  cast-iron 
moulds,  the  interiors  of  which  have  been  either  oiled  and  dusted  with 
charcoal,  or,  more  commonly,  washed  with  a  mixture  of  wood-ashes,  or 
clay,  with  water. 

Yellow-metal  may  contain  from  50  to  63  per  cent  of  copper,  and 
from  50  to  37  per  cent,  of  zinc 

Ftom  the  circumstance  that  tin  is  not  a  very  volatile  metal,  the 
preparation  of  bronze  is  a  more  easy  operation,  and  may  be  conducted 
either  in  crucibles  or  in  a  reverberatory  furnace. 


TIN. 

Tin  is  a  white  metal,  with  a  lustre  closely  approaching  to  that  of 
silver,  and  with  a  specific  gravity  of  7 '29 ;  it  possesses  a  characteristic 
odour  which  becomes  evident  when  a  piece  of  this  metal  has  been 
slightly  warmed  by  being  held  for  some  time  in  the  hand.  It  is  very 
maUeable,  and  may  consequently  be  reduced  to  thin  leaves  by  hammer- 
ing; it  occupies  the  fourth  rank  in  order  of  malleability,  and  the  eighth 
in  point  of  ductility.  Tin,  although  flexible,  is  not  elastic,  and  when 
bent  emits  a  peculiar  crackling  sound,  which  is  most  distinct  in  the 
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purest  specimens ;  a  perceptible  elevation  of  temperature  is  caused  by 
the  repeated  bending  and  straightening  of  a  bar  of  tin.  It  melts  at  a 
temperature  of  227*8'*  C,  and  when  very  strongly  heated,  gives  off  dis- 
tinct fumes,  and  experiences  a  loss  of  weight.  Tin  exhibits  a  great 
tendency  to  crystallize ;  this  property  may  be  readily  made  apparent  by 
slightly  attacking  its  surface  by  on  acid  capable  of  removing  the  exterior. 
When  this  has  been  done,  the  metal  assumes  a  mottled  appearance, 
caused  by  the  irregular  reflection  of  the  fern-like  crystals  brought  to 
light  by  the  action  of  the  acid.  A  process  of  this  kind  is  sometimes 
resorted  to  for  improving  the  appearance  of  articles  made  of  tin-plate, 
which,  after  being  treated  by  weak  hydrochloric  acid,  and  subsequently 
covered  by  a  coating  of  transparent  coloured  varnish,  present  a  variegated 
and  prettily  marked  surface. 

Tin  may  be  obtained  in  the  form  of  crystals,  by  fusing  a  considerable 
weight  in  a  ladle,  or  crucible,  and  allowing  it  to  cool  gradually  on  a 
heated  sand-bath ;  as  soon  as  a  solid  pellicle  has  formed  on  the  surface, 
it  is  pierced  by  a  hot  iron  bar,  and  the  internal  portions,  which  still 
remain  in  a  liquid  state,  are  allowed  to  run  out  By  operating  in  this 
way  crystals  of  considerable  size,  though  rarely  exhibiting  very  sharp  and 
well-defined  edges,  will  be  found  lining  the  cavity  from  which  the  liquid 
metal  has  been  removed.  Tin  may  be  deposited  from  its  solutions  in  a 
crystallized  state  by  electrical  agency,  and  can  by  this  means  be  obtained 
in  the  form  of  brilliant  elongated  needles.  This  metal  is  probably  dimor- 
phous, and  appears  to  crystallize  both  in  cubes  and  in  tetragonal  prisms. 

The  tin  of  commerce  is  never  quite  pure,  but  is  more  or  less  con- 
taminated by  the  presence  of  various  other  metals,. particularly  arsenic 
To  obtain  tin  in  a  state  of  extreme  purity,  granulated  tin  may  be  attacked 
by  strong  nitric  acid,  and  the  resulting  insoluble  residue  washed,  first 
with  hydrochloric  acid  and  subsequently  with  hot  water.     The  white 
residual  powder  is  now  reduced  to  the  metallic  state  by  fusion,  with  the 
addition  of  a  little  charcoal,  in  a  lined  crucible.     Tin  is  but  slightly 
affected  by  exposure  to  the  air  at  ordinary  temperatures,  but  when  fused 
its  surface  is  rapidly  covered  by  a  crust  of  greyish  colour,  consisting  of 
a  mixture  of  metal  and  stannic  oxide.     This  oxidation  of  tin  takes  place 
very  rapidly  at  high  temperatures,  and  when  the  metal  is  heated  to  white- 
ness, is  attended  by  distinct  combustion;  at  a  full-red  heat  it  decomposes 
water,  with  evolution  of  hydrogen  gas.     It  is  dissolved  in  strong  hydro- 
chloric acid,  and  its  solution  is  also  effected  by  warm  dilute  sulphuric 
acid ;  concentrated  sulphuric  acid,  aided  by  heat,  acts  upon  metallic  tin, 
with  liberation  of  sulphurous  anhydride  and  sulphur,  and  the  eventual 
production  of  stannic  sulphate.     Tin  is  not  attacked  by  the  strongest 
nitric  acid,  but  by  acid  of  a  density  of  1*30  it  is  violently  acted  upon, 
with  formation  of  a  white,  crystalloid,  insoluble  substance,  metastannic 
acid,  SSnOj.  10H,0.    When  attacked  in  the  cold  by  .very  weak  nitric  acid 
tin  is  slowly  dissolved  with  formation  of  stannous  nitrate,  and  nitrate  of 
ammonium.     Tin  is  oxidizable  by  fused  caustic  potash  or  soda,  and  more 
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readily  so  by  a  fased  mixture  of  an  alkaline  nitrate  with  an  alkaline 
hydrate  or  carbonate.  Strong  hot  solutions  of  the  caustic  alkalies  react 
on  metallic  tin,  with  evolution  of  hydrogen  and  the  production  of  an 
alkaline  stannate. 

On  account  of  its  general  inalterability,  this  metal  is  extensively  em- 
ployed for  domestic  purposes.  It  is  largely  used  for  tinning  the  insides 
of  copper  vessels,  for  tin-foil,  and  for  the  manufacture  of  tin-plates ;  it  is 
also  an  essential  ingredient  of  pewter,  plumbers'  solder,  bronze,  and 
various  other  important  alloys. 

Tin  Ores. 

Cassitbrite;  Oxide  of  Tin;  JStainoxydS;  Zinnstein.  Tetragonal — 
The  tin  of  commerce  is  obtained  from  the  native  oxide  of  that  metal, 
which  belongs  chiefly  to  the  older  formations,  and  is  usually  met  with  in 
veins  traversing  granite,  gneiss,  or  mica-slate.  This  mineral  has,  how- 
ever, been  recently  found  in  limestone  of  Lower  Liassic  age  near  Cam- 
piglia  Marittima,  Tuscany,  where  it  has  evidently  been  extensively 
worked  by  the  ancienta  Oxide  of  tin  has  a  specific  gravity  varying 
from  6*3  to  7*1.  Its  colour  is  usually  brown  or  black,  but  sometimes 
red,  grey,  white,  or  yellow.  It  has  an  imperfect  fracture,  a  grey  streak, 
and  a  highly  adamantine  lustre.  When  pure  this  mineral  consists  of 
tin  78*62,  oxygen  21*38.  It  is,  however,  frequently  associated  with  other 
metals,  particularly  with  arsenic  and  iron. 

A  specimen  of  cassiterite  from  Cornwall,  analysed  by  Klaproth,  gave 
the  following  results  *. — 

Sn 77*50 

O 21-50 

FejOs 0*25 

SiOj 0*75 

100*00 

The  composition  of  this  mineral  is  expressed  by  the  formula  SnOj. 
The  most  commonly  occurring  crystals  are  rectangular  prisms  termi- 
nated by  four  triangular  planes,  which  may  be  more  or  less  modified  on 
their  edges  and  angles.  It  also  occurs  in  botryoidal  and  reniform  shapes, 
which  are  known  as  wood-tins. 

Oxide  of  tin  is  infusible  when  heated  alone  before  the  blowpipe, 
and  is  not  readily  reduced  to  the  metallic  state  without  the  aid  of  fluxes. 
It  is  insoluble  in  acids ;  but  when  heated  on  a  charcoal  support,  with 
the  addition  of  carbonate  of  sodium,  it  readily  affords  minute  globules 
of  metal 

Cornwall  is  one  of  the  localities  most  productive  of  this  mineral, 
where  it  occurs  associated  with  copper  and  iron  pyrites,  wolfram,  mica, 
and  tourmaline,  together  with  axinite,  and  other  silicates.  Tin  mines 
are  worked  in  Saxony,  Austria,  and  Bohemia ;  in  Peru  and  Bolivia ;  in 
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China,  Malacca,  and  especially  on  the  islands  of  Banca  and  Billiton,  in 
the  Indian  Archipelago,  whence  large  quantities  b^  imported  into  this 
country.  Queensland,  New  South  Wales,  and  Tasm&nia  annually  yield 
large  quantities  of  tin  ore.  This  ore  also  occurs  in  Oalicia,  Spain ;  in 
Sweden;  in  the  Department  of  Morhihan  in  France;  in  Greenland, 
Russia,  Brazil,  Mexico,  ChiU,  and  the  United  States  of  America. 

Tin  Ptritbs;  JStain  sul/ure;  ZinnkUs.  Cubic,  tetrahediaL — ^This 
mineral  has  hitherto  been  found  in  a  crystalline  state  only  in  Huel 
Rock  Mine,  in  the  parish  of  St  Agnes,  Cornwall  Tin  pyrites  is  of  a 
yellowish-grey  colour,  and  has  a  strong  metallic  lustre;  it  commonly 
occurs  in  granular  amorphous  masses,  and  has  a  specific  gravity  of  4*35. 
It  affords  a  black  streak,  and  presents  an  uneyen  fracture.  When  heated 
before  the  blowpipe,  sulphide  of  tin  fuses  into  a  black  slag,  which  is 
extremely  difficult  of  reduction.  It  is  attacked  by  nitric  acid,  and  affords 
on  subsidence  an  abundant  white  precipitate  of  metastannic  acid.  Two 
analyses  of  tin  pyrites  yielded  the  following  results : — 


Kudeniatach. 

Klftproth. 

Sn    .        .        .        . 
Ou   . 

Fe    .        .        .        . 
S      .        .        .        . 

26-66 
29  89 
12-44 
29-64 

26-5 
80  0 
12-0 
80-6 

97-02 

99  0 

This  mineral  does  not  occur  in  sufficient  quantities  to  admit  of  being 
metallurgically  treated,  and  must  be  regarded  as  essentially  a  mixture 
of  various  isomorphous  sulphidea 


Distribution  of  Tin  Ores. 

Tin  has,  more  than  almost  any  other  metal,  a  characteristic  mode  of 
occurrence,  being  usually  found  in  the  older  crystalline  and  metamorphic 
rocks. 

The  only  ore  yielding  tin  in  commercial  quantities  is  cassiterite, 
which  occurs  in  four  different  forms  of  deposit.  Firstly,  in  veins  or 
lodes,  from  which  the  larger  proportion  of  the  tin  annually  produced  in 
this  country  is  obtained.  Secondly,  in  JUxts^  usually  connected  with 
true  Teins,  but  passing  into  the  enclosing  rocks,  and  sometimes  forming 
deposits  parallel  to  their  stratification.  Thirdly,  in  stockworks,  which 
chiefly  occur  in  granite,  and  consist  of  numerous  minute  veins  or  impreg- 
nations of  cassiterite  passing  through  the  rock  in  all  directions.  Fourthly, 
as  9tream  tin,  which  consists  of  water^wom  nodules  and  grains  of  tiu 
oxide  occurring  in  alluvial  sands  and  gravels.     This  variety  of  tin  ore  is 
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obtained  by  a  process  of  washing  very  similar  to  that  employed  for  the 
separation  of  alluvial  gold.  Although  this  metal  has  been  in  use  from 
remote  antiquity,  up  to  a  comparatively  recent  date  Cornwall  produced 
a  very  large  proportion  of  that  annually  brought  into  the  market.  About 
the  year  1710  rich  deposits  of  tin  ore  were  discovered  in  the  island  of 
Banca  in  the  Malay  Archipelago,  and,  more  recently,  in  the  neighbouring 
island  of  Billiton,  in  the  Straits  Settlements,  and  in  various  parts  of  the 
Australian  Coloniea 

In  Cornwall,  where  tin  ores  have  been  continuously  raised  from  the 
time  of  the  Phoenicians,  the  deposits  comprehend  all  the  different  varie- 
ties previously  enumerated ;  those  of  stream  tin  have,  however,  become 
almost  entirely  exhausted.  Tin  veins  usually  occur  either  in  granite  or 
in  kilUis  or  day-slate,  and  are  generally  most  productive  in  the  vicinity 
of  the  junction  of  these  rocks.  The  gangue  of  stanniferous  deposits 
generally  consists  of  quartzose  matter,  and  the  minerals  associated  with 
cassiterite  are  remarkably  constant,  consisting  of  wolfram,  pyrites,  mis- 
pickel,  apatite,  topaz,  mica,  tourmaline,  &c 

During  the  years  1835  and  1838  the  annual  production  of  tin  in 
Cornwall  and  Devon  amounted  to  between  4,000  and  5,000  tons ;  after- 
wards it  steadily  increased,  until  in  1871  it  amounted  to  16,898  tons  of 
black  tin^  equivalent  to  11,320  tons  of  metal.  In  1883  the  production 
of  black  tin  in  Cornwall  and  Devon  amounted  to  14,468  tons,  equivalent 
to  9,307  tons  of  metallic  tin. 

In  Saxony  a  small  quantity  of  tin  is  annually  raised,  but  the  amount 
is  insignificant  when  compared  with  that  produced  in  England.  The 
chief  Saxon  and  Bohemian  localities  are  Altenherg,  Gleyer,  and  Zinnwald, 
in  the  Erzgebirge,  and  Schlackenwald  near  Elbogen. 

At  Altenherg  true  stockwork-deposits  occur,  consisting  of  a  granitic 
rock,  intersected  by  numerous  small  interlacing  veins  of  tinstone.  The 
value  of  the  tin  raised  at  Altenherg  in  1880  amounted  to  X9,105. 

At  Geyer  the  rock  in  which  the  ore  occurs  is  a  granite,  consisting 
largely  of  decomposed  felspar,  and  containing  apatite,  tourmaline,  and 
fluor-spar.  The  tinstone  is  in  small  parallel  veins  and  is  disseminated 
through  the  rock;  the  veins,  which  are  rarely  more  than  2  inches  in 
width,  merge  into  the  enclosing  rock  without  exhibiting  any  distinct 
walls. 

At  Zinnwald  the  tin  occurs  in  masses  of  granite  frequently  enclosed 
in  poifphyry,  the  most  productive  deposits  being  composed  of  quartz  and 
cassiterite  in  thin  nearly  horizontal  layers ;  in  some  cases,  however,  the 
whole  rock  is  stanniferous. 

From  France  and  Spain  tin  is  to  a  great  extent  absent,  rafely  occur- 
ring in  workable  quantities.  A  few  tons  are,  however,  annually  pro- 
duced in  both  countries,  the  ore  being  obtained  from  Brittany,  and  from 
various  localities  in  Galicia 

^  Concentrated  tin  oxide  prepared  for  smelting. 
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Another  great  centre  of  production  includes  Banca  and  Billiton  or 
Blitong,  in  which  all  the  ore  worked  is  in  the  form  of  detrital  or  stream 
tin.  Veins  have,  however,  been  found  in  considerable  numbers,  but  not 
of  sufficient  size  to  pay  for  working.  The  alluvial  deposits  are  in  most 
cases  covered  by  beds  of  variously  coloured  sands  to  a  depth  of  from  10 
to  15  feet,  and  rest  on  a  stratum  of  white  clay,  which  is  considered  an 
infallible  indication  of  the  limit  of  the  stanniferous  beda  It  is  stated 
that  the  stream  tin  of  Banca  is  derived  from  the  granite  or  rocks  im- 
mediately contiguous  to  it,  and  that  tin  is  only  found  in  valleys  the 
streams  of  which  take  their  rise  in  these  rocks.  During  the  year  1882 
Banca  and  Billiton,  together,  produced  8,550  tons  of  metallic  tin. 

In  addition  to  the  tin  produced  by  these  islands,  there  is  also  a  large 
quantity  annually  raised  on  the  Malay  peninsula.  In  the  year  1882 
above  7,000  tons  of  metallic  tin  were  exported  from  Perak. 

During  the  last  twelve  years  large  quantities  of  tin  ore,  chiefly  ob- 
tained from  Streamworks,  have  been  produced  in  the  various  Australian 
Colonies.  In  1882  Victoria  produced  1,077  tons  of  tin  ore,  while  in 
the  same  year  New  South  Wales  exported  tin  and  tin  ore  to  the  value  of 
£833,461,  and  Queensland  to  the  value  of  £560,590.  The  exports  of 
tin  ore  and  ingots  from  Tasmania  during  the  year  1881  represented  a 
value  of  £375,775. 

In  the  United  States  of  America  cassiterite  has  been  found  in  several 
localities,  but  never  in  workable  quantities.  Small  quantities  have  been 
raised  at  Temescal,  near  Los  Angeles,  in  California,  and  at  the  Brewer 
Mine,  South  Carolina.  Recently  large  deposits  of  tin  ore  are  stated  to 
have  been  discovered  in  the  Black  Hills  of  Dacota.  In  South  America 
tin  mines  are  worked  in  Bolivia  and  Peru.  The  annual  production  of 
this  metal  in  South  Ameiica  is  estimated  at  1,000  tons. 

Stream  tin  has  been  found  in  several  localities  in  Mexico,  notably  in 
Guanaxuato,  Zacatecas,  and  Durango,  where  it  is  associated  with  topox. 

The  production  of  metallic  tin  over  the  whole  world  during  the  year 
1885,  including  the  small  quantities  yielded  by  Peru  and  Bolivia,  is 
estimated  at  50,000  tons. 

Assay  of  Tin  Ores. 

Preparation  of  the  Orb. — Before  proceeding  to  the  assay  of  any 
description  of  "tin-stuff" *  it  is  necessary  to  first  isolate  the  oxide  of  tin, 
black  tin,  from  the  siliceous  gangue  and  the  various  sulphurous  and 
arsenical  ores  with  which  it  may  be  associated. 

This  flan  be  accomplished,  in  a  somewhat  rough  way,  by  treatment 
somewhat  similar  to  that  by  which  the  concentration  and  purification  of 
tin  ores  are  conducted  on  the  large  scale.  With  this  view  the  pulverised 
mineral  may  be  first  roasted,  and  afterwards  washed  in  a  bowl,  or  in 

1  Any  Teinitone  or  other  rook  containing  a  workable  amount  of  oxide  of  tin  is  called 
"tin-ituff." 
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8ome  other  convenient  vessel,  until  the  lighter  substances  with  which  it  is 
associated  have  been  removed.  In  the  tin-mining  districts  of  Cornwall 
and  Devon  a  large  round-pointed  shovel  is  employed  for  this  purpose, 
and  after  each  successive  washing  the  heavier  portions,  which  have  not 
been  carried  off  in  suspension,  are  further  reduced  in  size  by  grinding 
under  a  heavy  hammer,  the  faces  of  which  are  slightly  rounded.  The 
assay  is  subsequently  roasted  and  again  washed.  Boasting  has  for  its 
object  the  decomposition  of  arsenical  pyrites  and  of  various  minerals 
containing  sulphur,  which  are  greatly  reduced  in  density  after  calcina- 
tion, and  are  then  easily  removed  by  water.  In  Saxony,  a  small  hand 
shaking-table  is  employed  for  this  purpose,  but  it  possesses  no  advantage 
over  the  ordinary  vanning-shoveL  Instead,  however,  of  resorting  to 
washing  and  roasting,  the  removal  of  arsenical  and  sulphurous  minerals 
may  be  more  completely  and  expeditiously  effected  by  boiling  the  pulver- 
ized material  with  excess  of  nitro-hydrochloric  acid,  by  which  arsenical 
and  common  iron  pyrites,  copper  ores,  &c.,  are  completely  dissolved. 
The  insoluble  matters  remaining  in  the  flask  will  chiefly  consist  of  tin 
oxide  and  silica,  with  sometimes  a  certain  amount  of  tungstic  acid,  which 
may  be  removed  by  digestion  with  ammonia  What  now  remains  will 
be  a  mixture  of  tin  oxide  with  silica,  from  which  the  latter  may  be 
removed  either  by  careful  vanning,  or,  still  better,  by  digestion  with 
hydrofluoric  acid  in  a  platinum  dish.  When  arsenical  pyrites  or  ordinary 
iron  pyrites  containing  tin  is  to  be  assayed  for  that  metal,  it  may  be 
attacked  by  nitro-hydrochloric  acid,  washed  by  decantation,  and  treated 
with  ammonia.  It  is  then  transferred  to  a  platinum  dish  and  digested 
with  hydrofluoric  acid;  these  operations  must  be  repeated  until  pure 
cassiterite  remains  in  the  capsule.  In  the  majority  of  cases  it  will  be 
imnecessary  to  treat  with  ammonia  after  any  but  the  first  attack  by  aqua 
regia. 

Assay  of  Black  Tin. — The  nearly  pure  oxide,  in  the  state  in  which 
it  is  delivered  by  the  miner  to  the  smelter,  or  after  the  gangue  has 
been  attacked  first  by  aqua  regia  and  subsequently  by  hydrofluoric  acid, 
in  the  way  described,  may  be  reduced  to  the  metallic  state  by  various 
processes. 

In  Brasqued  or  Black-Lead  Crucibles. — A  weighed  quantity  of  from 
200  to  400  grains  of  the  oxide  may  be  placed  either  in  a  brasqued  crucible 
carefully  covered  and  luted  with  clay,  or  it  may  be  mixed  with  one-fifth 
its  weight  of  ground  charcoal  or  anthracite,  and  introduced  into  an  ordi- 
nary plumbago  pot  and  placed  in  the  assay-furnace. 

During  the  first  quarter  of  an  hour  the  heat  must  be  gradually  raised 
to  dull  redness,  after  which  it  is  elevated  to  a  full  bright  redness,  at 
-which  it  should  be  kept  for  about  ten  minutes.  The  crucible  and  its 
contents  are  now  carefully  removed  from  the  fire,  without  knocking,  and 
allowed  to  cool,  when  the  pot  is  broken,  and  the  button  of  tin  removed 
and  weighed.  In  order  to  recover  any  particles  of  metal  which  may  be 
disseminated  through  the  brasque  in  the  form  of  minute  globules,  it 
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must  be  lemoved  and  carefully  washed.  The  weight  of  the  metal  so 
obtained  is  added  to  that  of  the  original  button.  In  the  same  way,  any 
unconsumed  charcoal-powder  or  anthracite  added  to  the  assay  in  tho 
black -lead  crucible  must  be  carefully  vanned,  and,  should  any  metal  adhere 
firmly  to  the  sides  of  the  pot,  it  must  be  removed,  and  its  weight  added 
to  that  of  the  original  button. 

Cornish  Method  of  Assay, — In  Cornwall,  assays  of  black  tin  are 
usually  conducted  in  a  naked  plumbago  pot,  which  is  first  made  red  hot, 
and  the  assay,  consisting  of  2  ounces  of  washed  ore  mixed  with  a  little 
anthracite,  introduced.  In  case  the  assay  should  not  fuse  readily,  a  little 
fluor-spar  is  added,  and  after  exposure  during  a  quarter  of  an  hour  to  a 
full  red  heat,  the  tin  is  rapidly  poured  into  a  small  ingot-mould,  and  the 
slag  examined  for  metal  by  pounding  and  washing. 

Fusion  with  Potassium  Cyanide. — The  crucibles  employed  for  this 
purpose,  when  100  grains  of  black  tin  are  operated  on,  should  be  of  about 
3  ounces  capacity,  and  must  be  prepared  by  ramming  into  the  bottom  of 
each  a  layer,  about  half  an  inch  in  thickness,  of  commercial  cyanide  of 
potassium.  The  requisite  amount  of  finely  powdered  tin  ore  is  now 
intimately  mixed  with  from  four  to  five  times  its  weight  of  potassium 
cyanide,  and  placed  in  a  crucible  prepared  as  previously  directed.  This, 
with  its  contents,  is  moderately  heated  in  an  assay-furnace,  and,  after 
having  been  kept  for  about  ten  minutes  in  a  state  of  tranquil  fusion, 
the  pot  is  removed,  gently  tapped  to  facilitate  the  formation  of  a  single 
button,  and  allowed  to  cooL  By  operating  in  this  way  fairly  accurate 
results  are  obtained,  and  with  ordinary  care,  a  difference  of  more  than 
^  per  cent,  should  not  occur  between  two  assays  of  the  same  ore. 

In  estimating  the  amount  of  tin  present  in  pyrites,  or  in  any  other 
sulphurous  or  arsenical  material,  it  would  generally  be  inconvenient  to 
operate  on  a  quantity  exceeding  400  grains.  The  amount  of  tin  oxide 
obtained  by  treating  such  a  quantity  with  nitro-hydrochlohc  acid,  and 
subsequently  with  hydrofluoric  acid,  will,  in  many  cases,  not  exceed  a 
few  grains,  and  a  very  small  crucible  must  consequently  be  employed  for 
its  reduction  by  cyanide  of  potassium.  This  crucible  may  either  be 
enclosed  in  a  larger  one  and  heated  in  the  assay-furnace,  or  be  placed 
naked  in  the  muffle.  On  examining  the  crucible  after  complete  fusion, 
the  reduced  tin  will  be  found  to  have  assumed  the  form  of  a  button  of 
almost  silvery  whiteness  covered  by  a  layer  of  transparent  flux.  In  order 
to  collect  any  traces  of  metal  occurring  in  the  form  of  minute  shot,  the 
flux  must  be  dissolved  in  hot  water,  and  any  metallic  globules  which 
may  be  found  weighed,  with  the  principal  button. 

Boasting  Tin  Orks. 

Tin  ores,  after  the  most  complete  concentration  which  can  be  effected 
by  washing  only,  are  generally  contaminated  with  variable  quantities  of 
arsenical  and  ordinary  pyrites,  &c 
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BoASTiNO  IN  BsYBRBERATOBT  FuRNAOBS. — For  the  removal  of  these 
impurities  the  ores  are  taken  to  the  bumifighhausef  where  the  sulphides 
and  arsenides  are  decomposed  hy  roasting  in  reverberatory  furnaces. 
These  are  usually  from  12  to  15  feet  in  length,  and  from  7  to  9  feet  in 
width ;  the  hearth  is  horizontal ;  and  the  arch,  which  is  about  2  feet  in 
height  in  the  neighbourhood  of  the  fire-bridge,  sinks  gradually  towards 
the  chimney.  This  arrangement  is  provided  with  but  one  opening, 
closed  by  an  iron  door,  placed  at  the  extremity  furthest  removed  from 
the  grate,  and  immediately  under  a  brick  hood,  by  which  the  sidphurous 
and  arsenical  fumes  are  carried  directly  off  into  the  chimney  without 
annoyance  or  iigury  to  the  workmen. 

In  connection  with  the  flues  of  these  furnaces  are  condensing-chambers, 
in  which  arsenious  oxide  is  deposited  in  a  crystalline  form.  This  is  sub- 
sequently purified  by  a  second  sublimation,  in  order  to  convert  it  into  the 
white  arsenic  of  commerce. 

From  10  to  15  cwts.  of  ore  constitute  a  chaige  for  one  of  these  furnaces, 
and  this  requires  from  twelve  to  eighteen  hours,  according  to  the  amount 
of  pyrites  present,-  before  it  is  sufficiently  roasted.  The  charging  is 
-effected  by  a  small  hopper  in  the  centre  of  the  brick  arch  ;  and  as  soon 
as  the  proper  quiintity  of  ore  has  been  introduced  it  is  regularly  spread 
over  the  bottom.  At  the  commencement  of  the  operation  the  heat  is 
very  gradually  raised  until  it  reaches  dull  redness,  at  which  temperature 
it  is  afterwards  kept  during  several  successive  houra  At  intervals  during 
the  process  of  calcination  the  mineral  is  stirred  with  an  iron  rake,  so  as 
to  expose  new  eurfacea 

When  the  ore  has  been  sufficiently  roasted,  which  is  indicated  by  its 
ceasing  to  evolve  white  fumes,  an  iron  plate  fitted  into  the  floor  of  the 
furnace  is  removed,  and  the  charge,  while  still  hot,  is  raked  through  the 
aperture,  and  falls  into  an  arched  chamber  beneath,  where  it  is  allowed 
to  cooL  The  calcined  ore  is  afterwards  again  subjected  to  the  process 
of  washing ;  and  the  various  impurities,  which  have  been  decomposed 
and  chiefly  transformed  into  ferric  oxide,  are,  from  their  reduced  specific 
gravity,  readily  removed.  When  the  ore  is  contaminated  with  copper 
pyrites,  it  is,  after  being  carefully  roasted,  allowed  to  remain  for  some 
time  exposed  to  the  atmosphere  previously  to  being  again  washed,  as  a 
portion  of  the  sulphide  of  copper  is  thus  oxidized  and  converted  into 
sulphate,  which,  being  soluble  in  water,  is  easily  removed.  If  tin  ores 
contain  much  copper,  it.  is  usual  to  treat  them,  after  their  removal  from 
the  burning-house,  with  dilute  sulphuric  acid,  by  which  copper  oxide  is 
dissolved,  while  the  oxide  of  tin  remains  unaffected.  After  this  treat- 
ment with  sulphuric  acid,  the  ore  is  washed  in  pure  water,  and  is  now 
ready  to  be  handed  over  to  the  smelter. 

The  old  reverberatory  furnace  has  been  to  a  great  extent  superseded 
by  Brunton's  calciner,  with  a  rotative  hearth,  in  which  manual  labour  for 
turning  the  ore  is  dispensed  with. 

Thb  Oxland  and  Hocking  CAiiCiNBB. — Brunton's  rotating  calciner 
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has  in  its  turn  to  a  large  extent  been  replaced  by  the  ccdciner  of  Messrs. 
Oxland  and  Hocking,  figs.  140,  141,  which  is  especially  adapted  for  the 
treatment  of  rank  ores  containing  much  arsenic  and  sulphur. 

This  apparatus  consists  of  a  fire-chamber,  A,  from  which  the  heat  and 
products  of  combustion  pass  through  an  iron  cylinder,  B,  made  of  boDe^ 
plates,  lined  with  fire-bricks  placed  on  edge.      The  cylinder,   which  is 
from  30  to  40  feet  long,  and  from  4  to  6  feet  in  diameter,  is  supported 
in   an  inclined  position,   but   yarying  in  inclination  according  to  the 
character  of  the  ore  treated.     It  is  supported  on  three  pairs  of  friction- 
wheelsj  C,  and  is  rotated  by  gearing,  D,  generally  driven  by  a  turbine  or 
water-wheel     At  the  lower  end  it  passes  into  the  fire-chamber,  ajid  is  so 
arranged  as  to  deliver  the  ore  passing  through  it,  by  an  opening,  e,  in  the 
arch,  into  the  ore-chamber,  F.     At  the  upper  end  it  communicates  with 
the  flues  or  condensing-chambers,  G.    The  ore,  brought  from  the  dressing- 
floors  in  a  wet  condition,  is  dried  on  the  cast-iron  plates,  g,  covering 
these  chambers.     It  is  fed  into  the  hopper.  A,  by  a  boy,  who  also  attends 
to  the  fire.      The  cylinder  revolves  at  the  rate  of  from  three  to  eight 
revolutions  per  minute,  the  ore  being  raised  by  four  projecting  lines  of 
bricks  parallel  with  its  axis,  but  leaving  room  for  the  continuous  running- 
in  of  dry  ore  from  the  hopper.    When  the  ore  has  been  raised  suflicientlj 
high  on  one  of  these  shelves  it  falls  off  in  thin  streams  through  the  hot 
gases  passing  up  the  cylinder.     It  thus  becomes  sufficiently  heated  for 
the  sulphur  and  arsenic  to  take  fire,  and  to  bum  with  such  energy  that 
before  the  ore  arrives  half-way  down  the  cylinder  the  greater  portion  of 
the  arsenic  and  much  of  the  sulphur  is  driven  off.     The  heat  evolved  by 
the  combustion  of  arsenic  and  sulphur  is  thus  rendered  available  for  heat- 
ing the  upper  portion  of  the  tube.     As  the  partially  calcined  ore  passes 
onwards  beyond  this  point,  the  remaining  arsenic  and  sulphur  are  not  in 
sufficient  quantity  to  produce  the  temperature  required  for  the  completion 
of  the  calcination,  and  hence  the  provision  of  a  small  fire-grate,  H,  for 
supplying  the  deficiency.     Throughout  the  whole  length  of  the  cylinder, 
the  lines  of  shelf  perform  the  duty  of  passing  the  ore  in  finely  divided 
streams  through  the  heated  gases,  in  such  a  way  that  no  particle  can 
escape  full  exposure  to  the  oxidizing  influences  required  for  calcination. 
It  is  found  that  the  arsenic  bums  off  first,  and  that  its  removal  is  com- 
pleted some  time  before  the  last  portions  of  the  sulphur  are  eliminated. 
The  calcined  ore,  passing  from  the  lower  end  of  the  cylinder  into  the  ore- 
chamber,  at  a  red  heat,  contains  only  traces  of  arsenic  and  but  a  small 
proportion  of  sulphur.    When  required  it  is  withdrawn  from  the  chamber, 
F,  through  the  doors,  /.     Heated  air  for  the  more  perfect  combustion  of 
the  gases  from  the  fire-place,  and  for  the  oxidation  of  the  sulphur  and 
arsenic,  is  supplied  through  the  channel,  t,  above  the  arch 

By  carefully  controlling  this  supply  of  air  and  by  maintaining  a  small 
consumption  of  coal,  economy  of  fuel  is  not  only  effected,  but  another 
important  result  is  obtained,  namely,  the  passing  of  a  minimum  quantity 
of  air  through  the  calciner.     The  arsenious  anhydride  produced  is  coo- 
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sequently  condensed  more  easily  than  by  the  use  of  the  reverbeiatory 
furnace  or  of  Brunton's  calciner,  and  perfect  condensation  is  e£fected  with 
less  costly  condenBing-chamber& 

The  consumption  of  fuel  is  small,  and  the  condition  of  the  calcined 
product  is  well  suited  for  subsequent  operations.  By  the  rotation  of  the 
cylinder,  the  crown,  after  being  fully  heated,  is  brought  down  under  the 
ore,  becoming  in  its  turn  the  bed,  thus  preventing  the  loss  of  heat 
necessarily  incurred  in  other  furnaces  from  the  crown  only  being  exposed 
to  heat,  while  the  bed  is  covered  by  the  ore. 

The  condensation  of  the  arsenious  oxide  is  much  promoted  by 
covering  the  condensing  chambers  with  cast-iron  plates,  so  that  the  damp 
ores  placed  upon  them  to  dry,  may,  by  cooling  them,  cause  a  proportion- 
ately rapid  condensation.  Formerly  the  condensing  flues  and  chambers 
were  constructed  with  thick  walls  covered  by  stone  arches  ;  but  at  Devon 
Great  Consols  and  at  East  Fool  Mines,  Cornwall,  great  advantage  has 
been  derived  from  building  flues  of  thin  brickwork,  and  covering  them 
with  cast-iron  plates.  The  openings  used  for  removing  the  arsenic  are 
in  like  manner  closed  by  iron  plates.  Any  fine  ore  carried  off  by  the 
draught  is  deposited  in  the  divisions  k  and  I  of  the  condenser,  and  is 
removed  from  time  to  time  by  the  first  door,  m.  The  arsenious  oxide  is 
deposited  in  the  compartments  n,  o,  p,  &a,  and  is  removed  through 
other  doors,  while  the  sulphurous  anhydride  passes  on  by  the  flue  to  the 
d)imney. 

Large  quantities  of  crude  arsenious  oxide  are  produced  in  the  mines 
of  Devon  and  Cornwall  At  New  Great  Consols,  near  Tavistock,  nearly 
10  tons  of  arsenious  oxide  were,  at  one  time,  obtained  in  the  production 
of  1  ton  of  marketable  tin  ore,  while  at  East  Fool  2  tons  were  sometimes 
produced  in  dressing  each  ton  of  black  tin.  This  crude  arsenic^  of  a 
grey  colour,  is  sold  to  the  arsenic  manufacturers,  by  whom  it  is  refined 
before  it  is  finally  sent  to  the  market.  Large  quantities  of  arsenious 
oxide  are  annually  produced  in  Cornwall  and  Devon  from  the  calcination 
of  ores  of  tin  and  copper.  In  the  year  1881  Great  Devon  Consols 
alone  produced  2,851  tons  of  white  arsenicj  value  £23,324,  from  the 
treatment  of  low-grade  copper  ores. 

The  calcined  product  from  tin  mines  consists  principally  of  oxides 
of  iron  and  copper,  containing  sulphur,  arsenic,  and  occasionally  traces  of 
cobalt  and  nickel,  and  in  some  localities  a  large  proportion  of  wolfram, 
with  silica  and  alumina ;  oxide  of  tin  may  be  present  in  quantities  vary- 
ing from  2  to  20  per  cent 

The  ore  is  removed  from  the  receiving- chamber  and  cooled  by 
moistening  with  water ;  it  is  now  known  as  burnt  wUts,  and  is  taken  to 
the  burning-house  floors,  where,  by  treatment  in  circular  buddies,  the  tin 
is  concentrated  by  the  removal  of  the  oxides  of  iron  and  earthy  matters, 
until  it  contains  from  60  to  60  per  cent,  of  black  tin.  It  is  then  again 
calcined  for  the  separation  of  the  last  traces  of  sulphur  and  arsenic,  again 
passed  through  the  buddies,  washed  in  kieves  or  tubs,  and  finally  con- 


TIN.  479 

centiated  until  it  will  produce  by  assay  from  65  to  70  per  cent  of 
metallic  tin. 

Skparation  op  Tunqbtbn;  Oxland's  PnooEBa — If  wolfram  be 
present  in  large  quantities,  the  black  tin,  with  which  it  is  associated,  is 
much  reduced  in  value.  This  mineral  cannot  be  separated  from  tin  ore 
by  any  process  of  washing,  since  their  specific  gravity  is  nearly  the  same. 
The  calcining  operations  already  described  have  no  effect  on  this  sub- 
stance 'j  but  a  process  introduced  by  Mr.  R  Oxland,  first  at  Drake  Walls, 
and  subsequently  at  East  Pool,  is  said  to  effect  a  perfect  separation. 

This  process  cpnsists  in  the  conversion  of  wolfram  (tungstate  of  iron 
and  manganese)  into  tungstate  of  sodium,  which  being  readily  soluble 
in  water  is  thereby  removed,  leaving  the  oxides  of  iron  and  manganese 
in  a  finely  divided  state,  and  so  light  as  to  be  readily  separated  from  black 
tin  by  washing.  A  reverberatory  furnace  is  used,  of  which  the  peculiar 
characteristic  consists  in  the  employment  of  a  cast-iron  bed.  The  charge 
is  introduced  into  this  furnace  through  a  hopper  in  the  crown  of  the  arch 
and  is  spread  upon  the  iron  bed,  and  exposed  to  the  flame  passing  from 
the  fire-place  through  the  body  of  the  furnace.  The  products  of  combus- 
tion then  pass  down  to  a  flue  formed  by  a  diagonal  partition  of  brick- 
work, which  conducts  it  to  the  front  of  the  furnace  under  the  iron 
bottom,  and  then,  returning  on  the  other  side,  to  the  chimney.  Thus, 
the  whole  of  the  bed  is  enveloped  in  heated  gases  passing  off  from  the 
fire-place.  The  charge  consists  of  from  10  to  II  cwts.,  according  to  the 
quality  of  the  ore,  and  is  prepared  by  mixing  soda-ash  with  the  dry  ore 
in  such  proportions  as  to  contain  so  much  sodium  as  to  be  slightly  in 
excess  of  that  necessary  to  combine  with  tungstic  acid.  If  the  mixture 
be  comparatively  coarse-grained,  a  larger  quantity  can  be  operated  on  at 
a  time  than  when  it  is  in  the  state  of  slime.  The  charge  is  carefully 
turned  over,  so  as  to  bring  the  whole  to  a  bright  red  heat.  It  is  known 
to  be  working  well  when  it  frizzles,  becomes  apparently  moist,  and  is 
slightly  adhesive  to  the  tools  used  in  stirring.  If  well  worked,  the 
charge  should  be  drawn  in  from  two  and  half  to  three  hours,  and  is  then 
in  better  condition  than  if  exposed  to  a  stronger  heat  or  for  a  longer  time. 
It  is  drawn  in  successive  quantities,  as  soon  as  it  is  ready,  through 
an  aperture  in  the  hearth,  into  a  vault  beneath,  whence  it  is  taken 
to  the  lixiviating-vats,  where,  by  treatment  with  water  while  still  hot, 
the  tungstate  of  sodium  is  dissolved  and  run  off  into  receivers.  By 
successive  affusions  of  water  the  whole  of  the  saline  matters  are  obtained 
as  a  clear  liquid,  the  mass  of  the  ore  serving  as  a  filter.  The  strong 
solutions  thus  prepared  are  either  set  aside  to  crystallize,  or  are  evaporated 
to  dryness  in  iron  pans,  affording  crude  tungstate  of  sodium,  containing 
about  70  per  cent,  of  the  dry  salt. 

After  lixiviation  has  been  completed,  the  residue  in  the  vats  is  conveyed 
to  the  dressing-floors,  where,  by  washing  with  water,  the  oxides  of  man- 
ganese and  iron,  the  residual  constituents  of  wolfram,  are  carried  off  in 
suspension,  making  the  water  thick  and  of  a  reddish-brown  colour.    This 
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process  was  for  many  years  ia  operation  at  Drake  Walls  Mine,  but  the 
wolfram  having  subsequently  disappeared  from  the  lode  there  was  no 
longer  any  necessity  for  its  use.  Salt-cake  or  crude  sulphate  of  sodium 
may  be  substituted  for  the  more  expensive  soda-ash,  but  as  it  requires 
skilful  management  it  is  not  generally  used. 

Tungstate  of  sodium  commands  a  limited  sale  for  dyeing,  for  the 
manufacture  of  non-inflammable  starch,  for  the  production  of  a  bronze- 
powder,  and  for  some  other  purposes. 

METALLURGY  OF  TIN. 

Tin-smelting  in  this  country  is  now  invariably  conducted  in  reverbera- 
tory  furnaces,  although  blast-furnaces  were  formerly  employed  for  the 
purpose,  and  old  smelting  works,  known  as  Blowing-Houses,  where  this 
method  of  treatment  was  at  one  time  followed,  are  still  to  be  found  in  a 
dismantled  state  in  various  parts  of  Cornwall. 

Trbatmbnt  of  Tin  Orb  (Black  Tin)  in  the  Rbvbrbebatobt  Fur- 
nace.— The  treatment  of  tin  ores  in  the  reverberatory  furnace  compre- 


Fig.  142.— Tin  Furnace ;  longitudinal  aaction. 

hends  three  distinct  operations,  namely,  smelting,  refining^  and  re-meU- 
ing  the  slags  and  residttes*  These  operations  are  conducted  in  a  furnace 
of  which  fig.  142  is  a  longitudinal  and  fig.  143  a  horizontal  section,  a 
little  above  the  level  of  the  hearth.  The  form  and  dimensions  of  these 
furnaces  vary  somewhat  in  different  establishments,  but  the  length  of  the 
hearth  in  that  given  as  an  illustration,  which  is  now  in  daily  use,  is  12 
feet,  and  its  greatest  width  8  feet 

Smelting* — The  ore,  which  usually  contains  from  65  to  70  per  cent,  of 
metallic  tin,  is  mixed  with  one-fifth  of  its  weight  of  small  anthracite,  adrnt 
and  is  slightly  sprinkled  with  water,  for  the  double  purpose  of  rendering 
it  more  easy  to  charge,  and  also  to  prevent  any  portion  from  being  car- 
ried off  mechanically  by  the  draught      The  charge  of  about  22  cwts.  is 
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tlirown  upon  the  bottom,  A,  through  the  door  B,  and  the  heat  of  the 
furnace  is  maintained  by  the  fire-place,  C,  which  is  supplied  with  coal 
through  the  door,  J).  The  charge  is  subsequently  spread  by  means  of 
tools  introduced  through  the  door,  E.  Each  furnace  is  usually  provided 
with  a  separate  chimney,  with  which  it  is  connected  by  a  diagonal  flue, 
not  shown  in  the  drawings.  The  temperature  is  gradually  increased 
during  the  first  five  hours,  at  the  expiration  of  which  time  the  chaige  is 
well  worked  up  with  a  rabble  ;  this  stirring  is  repeated  at  the  end  of  five 
hours  and  three  quarters,  and  in  about  six  hours  from  the  time  of  charg- 
ing, the  tapping  usually  takes  place.  Two  products  are  thus  obtained, 
namely,  metal  and  slag.  The  tin  and  slag  are  run  off  through  the  tap- 
hole,  /,  into  the  float,  G,  which  is  lined  with  fire-clay,  and  has  usually  a 
rectangular  form  with  rounded  corners. 
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Fig.  148.— Tin  Fumftce ;  horisontal  section. 


The  slag,  when  sufficiently  chilled,  is  removed  from  the  surface  of  the 
tin  in  the  float,  which  is  skimmed  and  laded  into  moulds  which  give  it 
the  form  of  blocks. 

The  spongy  slags  remaining  on  the  bottom  of  the  furnace  containing 
globules  of  metallic  tin  and  frequently  pieces  of  unconsumed  culm,  or 
culm  ashes,  are  drawn  through  the  door,  E,  and  reserved  for  subsequent 
treatment 

Boning. — This  process  comprehends  two  distinct  operations,  liqua- 
tion and  poling  or  tossing.  Blocks  of  metallic  tin,  to  the  amount  of  about 
6  tons^  resulting  from  the  treatment  of  black  tin,  are  arranged  on  the 
hearth  of  the  reverberatory  furnace  employed  for  smelting,  and  the  tem- 
perature is  slowly  raised.     By  this  treatment  the  more  readily  fusible 
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tin  is  eliqnated,  and  flowing  over  the  surface  of  the  hearth,  and  escaping 
by  the  tap-hole,  /,  is  collected  in  the  cast-iron  "kettle,"  H,  which  is  set 
over  a  small  independent  fire-place.  In  proportion  as  the  blocks  are 
gradually  eliquated  and  their  bulk  thereby  becomes  reduced,  other  blocks 
of  tin  are  introduced  into  the  furnace.  At  the  last^  when  metallic  tin 
has  ceased  to  flow  at  a  moderate  heat,  the  temperature  is  considerablj 
increased,  and  the  more  refractory  material  left  on  the  furnace  bottom 
is  melted  and  runs  out  into  the  float.  The  metal  thus  obtained,  which, 
in  addition  to  tin,  contains  small  quantities  of  arsenic,  sulphur,  and  iron, 
is  laded  into  moulds  and  laid  aside  to  be  subsequently  again  treated  by 
liquation.  The  process  of  liquation  is  usually  carried  on  at  the  end  of 
each  week,  after  allowing  the  temperature  of  the  furnace  to  become  suffi- 
ciently reduced. 

The  charge  of  the  kettle,  H,  consists  of  about  7  tons  of  eliqnated  tin, 
which  is  kept  hot  by  the  fire  beneath  it  This  is  poled  by  forcing  into  it, 
by  a  crutch,  supported  by  an  iron  jib,  a  piece  of  green  wood,  that  of  the 
apple-tree  being  generally  preferred. 

When  tin  of  common  or  second  quality  is  being  prepared,  this  boiUng 
is  not  long  continued,  and  the  dross  which  has  risen  to  the  surface  is 
skimmed  off  and  thrown  back  into  the  furnace,  after  which  the  tin  is 
laded  into  moulds.  Tin  still  continues  to  flow  into  the  kettle  during  the 
time  the  metal  is  being  dipped  out  and  cast  into  moulds.  In  making 
"  refined  tin  "  the  bath  of  eliquated  metal  is  poled  during  several  hours. 

Instead  of  boiling  the  metal  by  the  introduction  of  billets  of  green 
wood,  the  same  effect  is  sometimes  produced  by  tossing.  When  this 
process  is  employed  the  agitation  is  produced  by  the  workmen  con- 
tinually lifting  the  melted  metal  in  a  ladle,  and  letting  it  fall  from  a 
considerable  height  into  the  kettle.  The  scum  thus  brought  to  the  sur- 
face is  carefully  removed  by  skimming,  and  the  metal  finally  laded  into 
moulds. 

Re^melting  the  Slags  and  Residues, — The  slags  run  off  with  the  tin 
in  the  first  operation,  and  withdrawn  from  the  top  of  the  float,  are 
re-melted  with  lime,  and  sometimes  with  a  little  fluor-spar,  in  a  sepa- 
rate but  exactly  similar  furnace.  The  metal  obtained  by  this  operation, 
together  with  the  resulting  slags,  is  tapped  into  the  float,  and  the  tin 
is  subsequently  subjected  to  liquation.  The  slag  separated  from  the 
metal  is  a  black  vitreous  substance,  clceely  resembling  obsidian,  and  is 
practically  free  from  tin.  The  slags  drawn  through  the  door,  E,  of  the 
smelting  furnace,  at  the  termination  of  the  first  operation,  are  stamped 
and  washed  for  the  buttons  (prUlons)  of  metal  which  they  contain.  The 
comparatively  infusible  residues  resulting  from  successive  processes  of 
liquation  are,  after  fusion,  again  subjected  to  liquation  at  somewhat 
more  elevated  temperatures.  The  final  residue  remaining  on  the  furnace 
bottom,  is,  after  fusion,  known  as  hard-head.  A  specimen  of  hard-head, 
from  which  as  much  as  possible  of  the  tin  had  been  removed,  afforded 
by  analysis  the  following  results : — 
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Tin  alag8  aie  essentially  ferrous  silicates^  containing  a  little  tin,  lime,  and 
tungsten. 

The  total  consumption  of  fuel  per  ton  of  metallic  tin  produced  is 
about  30  cwte. 

The  tin  smelted  in  this  country  is  usually  cast  into  "  blocks  "  of  4 
cwts.,  "slabs"  of  84  lbs.,  "ingots"  of  56  and  28  lbs.,  and  "bars"  of 
3  ounce& 

Three  distinct  qualities  of  tin  are  recognised  in  the  trade,  namely, 
common,  refined,  and  grain  tin,  Grain'tin  is  prepared  by  heating  blocks 
of  the  purest  tin,  and  when  the  temperature  has  been  sufficiently  elevated 
to  render  the  mass  brittle  and  to  cause  the  block  to  assume  a  crystalline 
structure,  it  is  broken  either  by  a  fall  or  by  a  blow  from  a  heavy  mallet. 
Grain  tin  is  largely  employed  in  the  preparation  of  tin  salts. 

SiOELTiNd  IN  THE  Blast-Furnacb. — All  the  tin  raised  in  Cornwall 
was  formerly  smelted  in  blast-furnaces,  and  this  method  of  treatment  was 
applied  to  stream  tin  long  after  the  more  impure  mine  tin  was  generally 
reduced  in  the  reverberatory  furnace. 

Pryce  in  his  Mineraloffia  Comubiengis,  published  in  1778,  states  that 
in  his  time  mine  tin  "corrupted  with  some  portion  of  mundick  and 
other  minerals"  was  smelted  with  pit-coal  in  reverberatory  furnaces. 
On  the  other  hand,  stream  tin,  free  from  such  impurities,  was  smelted  in 
blast-furnaces  with  charcoal,  yielding  a  metal  which  from  its  great  purity 
was  worth  XI 2  a  ton  more  than  ordinary  mine  tin.  The  following  is 
his  description  of  smelting  in  the  blast-furnace  as  then  practised  :  ^ — "  The 
furnace  itself  for  blowing  the  tin  is  called  the  castle  on  account  of  its 
strength,  being  of  massive  stones  cramped  together  with  iron  to  endure 
the  united  force  of  fire  and  air.  This  fire  is  made  with  charcoal  excited 
by  two  large  bellows,  which  are  worked  by  a  water-wheel,  the  same  as 
at  the  iron  forges.  They  are  about  8  feet  long  and  2^  wide  at  the 
broadest  part  The  fire-place,  or  castle,  is  about  6  feet  perpendicular, 
2  feet  wide  in  the  top  part,  each  way,  and  about  14  inches  in  the  bottom. 
all  made  of  moorstone  and  clay  well  cemented  and  cramped  together, 
The  pipe  or  nose  of  each  bellows  is  fixed  10  inches  high  from  the  bottom 
of  the  castle  in  a  large  piece  of  wrought-iron,  called  the  earth-eye.  The 
tin  and  charcoal  are  laid  in  the  castle  stratum  super  stratum  in  such 
quantities  as  are  thought  proper ;  so  that  from  8  to  12  cwt.  of  tin,  by  the 
consumption  of  18  to  24  sixty-gaUon  packs  of  charcoal,  may  be  smelted 
in  a  tide  or  twelve  hours  tim&  These  bellows  are  not  only  useful  for 
igniting  the  charcoal,  but  they  throw  in  a  steady  and  powerful  air  into 
the  castle,  which,  at  the  same  time  that  it  smelts  the  tin,  forces  it  out 

1  'MinanlogUConinbiensb/  p.  186. 
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also  through  a  hole  at  the  bottom  of  the  castle,  about  4  inches  high 
and  1 }  inch  wide,  into  a  moorstone  trough  6}  feet  high  and  1  foot  wide, 
called  the  float,  whence  it  is  laded  into  lesser  troughs  or  moulds,  each  of 
which  contains  about  3  cwts.  of  metal  called  slabs,  blocks  or  pieces  of 
tin,  in  which  size  and  form  it  is  sold  in  every  market  in  Europe." 

In  the  £rzgebirge,  a  blast-furnace  about  10  feet  in  height  is  employed 
The  sides  are  formed  of  large  pieces  of  granite,  and  the  hearth  is  a  block 
of  the  same  material,  lined  with  brasque,  and  having  a  considerable  fall 
towards  the  breast  The  fused  matter  escaping  from  this  cavity  flows 
continuously  into  an  exterior  basin  lined  with  brasque.  This  is  furnished 
with  a  tap-hole,  by  which  its  contents  may  be  withdrawn  into  a  small 
iron  vessel  heated  by  a  separate  fire  and  placed  at  a  lower  leveL     The 


Fig.  144— Tin  Furnace,  Perak  ;  yertical  teotioo. 

charcoal  and  ore  are  introduced  by  successive  charges,  and  the  blast  is 
furnished  by  a  small  blowing-machine.  The  slags  produced  float  on  the 
surface  of  the  metal  collected  in  the  basin,  whence  they  are  removed  by 
an  iron  hook  as  soon  as  they  have  sufficiently  solidified.  When  the 
reservoir  has  in  this  way  become  filled  with  metal,  the  tapping-hole  is 
opened  and  its  contents  are  run  into  the  iron  vessel,  where  the  process  of 
refining  is  conducted  by  boiling  with  green  wood  and  skimming.  The 
slags  are  divided  into  two  classes ;  the  richer  are,  without  any  mechanical 
preparation,  fused  with  succeeding  charges  of  ore ;  the  poorer,  after  being 
stamped,  are  washed  for  the  purpose  of  separating  the  metallic  granules 
which  they  contain.  By  this  process  every  ton  of  tin  produced  requires 
for  its  reduction  1^  ton  of  charcoal,  and  the  loss  of  metal  is  somewhat 
greater  than  in  the  reverberatory  fumaca 

Perak,  which  forms  a  portion  of  the  Malayan  Peninsula,  including 


TIN. 


48s 


the  district  of  Laroute,  annually  produces  above  7,000  tons  of  metallic 
tin,  exclusively  derived  from  stream  tin  smelted  in  blastfurnaces. 

The  furnaces  employed  vary  considerably  in  form  and  dimensions, 
but  that  represented  in  vertical  section  by  fig.  144,  and  in  hori- 
zontal section  by  fig.  145,  is  generally  adopted  in  all  the  larger  metal- 
lurgical establishments  of  that  region.^  It  consists  of  brickwork,  A, 
standing  6  feet  above  the  level  of  the  floor,  and  having  a  width  of  7  feet 
6  inches.  This  encloses  a  nearly  semi-cylindrical  cavity,  B,  1 8  inches  in 
diameter  in  its  upper  portion,  but  gradually  diminishing  downwards 
until  it  terminates  at  the  breast  of  the  furnace  in  an  opening,  C,  only  6 
inches  in  diameter.  In  front  of  this  is  an  inclined  float,  D,  the  lower 
portion  of  which  receives  the  fused  matter  issuing  from  the  furnace, 


Fig.  145.— Tin  Furnace,  Ferak  ;  horieontal  section. 

while  the  masonry  at  the  back  is  raised  4  feet  above  its  top,  and  thus 
serves  as  a  support  for  the  charges,  which  rest  against  it.  The  mouth  of 
this  furnace  is  reached  by  means  of  steps,  E,  arranged  on  either  side  of 
it,  and  at  the  back  a  tuyer,  F,  passes  through  an  opening  left  for  that 
purpose.  This  opening  is  sufficiently  large  to  admit  the  passage  of  an 
iron  rod,  in  case  the  bottom  of  the  furnace  should  become  clogged,  but 
is  usually  stopped  during  its  working  by  the  introduction  of  a  little  moist 
clay. 

The  blowing  apparatus,  G,  is  placed  at  the  back  of  the  furnace,  and 
consists  of  a  wooden  cylinder  13  feet  in  length  and  16  inches  in 
diameter,  provided  with  a  piston  packed  either  with  feathers  or  with 
paper.      On  the  side  of  the  cylinder  next  the  back  of  the  furnace  is 

^  Lei  Minei  d'^tain  de  P^rak  par  M.  J.  Errington  de  la  Croix,  p.  50.    Paris,  1882. 
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an  air-way  4  inches  in  diameter,  which  at  its  two  extremes  com- 
municates with  the  cylinder  and  in  the  middle  with  the  tnyer.  The 
wooden  piston-rod,  which  is  about  20  feet  in  length,  is  well  greased,  and 
passes  through  a  closely  fitting  hole  in  the  end  of  the  cylinder.  At  each 
end  of  the  cylinder  is  a  valve  8  inches  square  opening  inward,  wliich 
alternately  opens  and  shuts  at  each  stroke  of  the  piston.  The  tuyer, 
which  is  made  either  of  iron  or  of  burnt  clay,  is  inclined  at  an  angle  of 
from  40°  to  45*,  and  is  directed  towards  the  centre  of  the  fore-breast. 
The  blast  is  supplied  by  the  labour  of  three  men  working  together,  who 
are  relieved  every  hour,  and  in  the  majority  of  cases  the  furnace  is  only 
worked  during  twelve  hours. 

The  operation  of  smelting  is  commenced  by  filling  the  furnace  with 
wood  and  charcoal,  which  is  ignited  and  allowed  to  burn  for  about  an 
hour;  at  the  expiration  of  which  time  the  cavity  is  completely  filled 
with  charcoal  and  the  blast  applied.  A  quarter  of  an  hour  after  this  the 
first  ore,  which  is  damped  in  order  to  prevent  mechanical  loss,  is  thrown 
upon  the  fuel,  and,  subsequently,  charges  of  charcoal  and  mineral  are 
alternately  supplied. 

The  metal  and  slags  run  out  of  the  furnace  into  the  float,  D,  the 
slags  as  they  cool  being  removed  from  the  surface  of  the  metal,  which  is 
from  time  to  time  laded  into  moulds  composed  of  a  mixture  of  clay  and 
sand.  The  blocks  of  tin  thus  made  usually  weigh  about  94  lbs.,  and  the 
production  of  the  shift  of  twelve  hours  is  about  2,900  lbs.,  with  an 
expenditure  of  an  equal  weight  of  charcoaL 

The  slags  are  groimd  in  an  iron  mortar  by  a  pestle  worked  by  the 
foot,  which  in  form  closely  resembles  a  tilt-hammer,  and  the  beads  of 
metal,  separated  by  washing,  are  subsequently  run  down  in  a  shallow 
wrought-iron  pan  provided  with  a  fire-place,  which  is  heated  by  wood. 
These  granules  after  fusion  are  poured  into  moulds. 

Only  that  portion  of  the  Perak  tin  which  is  intended  for  the  Euro- 
pean markets  is  subjected  to  the  operation  of  refining,  which  is  carried 
on  exclusively  at  Penang.  In  order  to  effect  this  object  the  blocks  of 
unrefined  tin  are  melted  in  a  large  cast-iron  kettle,  with  a  fire  beneath 
it,  and  the  fused  metal  is  "tossed"  with  a  ladle  in  the  usual  way. 
After  a  final  skimming  the  metal  is  again  cast  into  blocks. 

In  some  of  the  smaller  establishments  on  the  Malayan  Peninsula 
the  furnace  is  made  entirely  of  clay  supported  by  wooden  binders. 
Furnaces  of  this  description  often  do  not  exceed  a  foot  in  internal 
diameter,  and  are  usually  about  3  feet  6  inches  in  height.  The  blast- 
furnace employed  in  Siam  consists  of  a  wrought-iron  jacket  lined  with 
clay  3  feet  in  height ;  the  internal  diameter  of  this  furnace  is  18  inches. 
The  method  of  procuring  a  blast  is  in  all  cases  the  same. 

Allots  of  Tin. 
Tin  is  extensively  employe!  for  the  manufacture  of  tin-plate,  which 
is  thin  sheet-iron,  externally  coated  with  that  metal,  and  for  coating 
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copper  yessels.  Pewter  is  an  alloy  of  tin  and  lead,  in  the  proportion  of 
four  parts  of  the  former  to  one  of  the  latter.  Solders  are  also  alloys  of 
tin  and  lead  in  varying  proportions ;  fine  solder  is  composed  of  two  parts 
of  tin  and  one  of  lead ;  tin  solder ^  used  in  the  manufacture  of  articles  of 
tin-plate,  consists  of  a  mixture  of  equal  proportions  of  the  two  metals ; 
jdumber's  solder  is  made  by  mixing  together  one  part  of  tin  with  two 
of  lead. 

Large  type  is  made  of  an  alloy  of  lead  and  antimony  only,  but  tin 
enters  into  the  composition  of  the  mixture  used  for  some  of  the  smaller 
descriptions.  Tin  alloyed  with  antimony  constitutes  Britannia  Tnetal^ 
the  best  varieties  being  composed  of  tin  with  just  sufficient  antimony  to 
give  it  hardness. 

The  addition  of  bismuth  to  alloys  of  tin  and  lead  has  the  effect  of 
lowering  their  melting-point  to  an  extraordinary  degree ;  an  alloy  of  two 
parts  of  bismuth  to  one  of  lead  and  one  of  tin  melts  below  100''  C. 

Tin  combines  with  copper  in  all  proportions ;  ordinary  gunrmetdl  is 
a  mixture  of  10  per  cent,  of  tin  with  90  of  copper.  Genuine  hroTize  is  a 
compound  of  copper  and  tin  only,  but  that  used  for  statuary  usually 
contains  a  certain  proportion  both  of  lead  and  zinc.  BeH-metal  is  a 
bronze  containing  a  very  large  proportion  of  tin.  "  Tom  of  Lincoln  "  is 
composed  of  22  per  cent,  of  tin  and  78  of  copper ;  "  Big  Ben  "  of  about 
24  per  cent,  of  tin  and  76  of  copper. 
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Antimony  is  a  brilliant  metal,  of  a  white  colour,  slightly  inclining  to 
blue.  It  fuses  at  a  temperature  just  below  redness,  and  contracts  but 
slightly  in  becoming  solid. 

It  is  extremely  brittle,  and  possesses  a  strongly  crystalline  texture,  so 
that  when  broken  it  exhibits  well-defined  facets,  indications  of  which 
may  be  observed  on  the  surface  of  the  cooled  ingot  It  is  slowly  but 
distinctly  volatile  at  a  white  heat  in  closed  vessels,  but  admits  of  being 
distilled  in  a  current  of  hydrogen. 

Antimony  is  not  sensibly  affected  by  exposure  to  air  at  ordinary  tem- 
peratures, but  is  rapidly  oxidized  when  exposed  to  it  in  a  state  of  fusion. 
When  fused  and  strongly  heated  antimony  is  allowed  to  fall  from  a  cer- 
tain height)  combustion,  accompanied  by  the  production  of  a  thick  white 
emoke,  immediately  takes  place.  This  white  vapour  is  chiefly  antimoni- 
ous  oxide,  Sb^Os. 

This  metal  does  not  occur  in  commerce  in  a  state  of  purity,  but  is 
contaminated  by  variable  quantities  of  iron,  lead,  arsenic,  and  sulphur. 
To  separate  these,  it  may,  after  being  reduced  to  a  fine  powder  in  an  iron 
mortar,  be  intimately  mixed  with  one-tenth  of  its  weight  of  nitre,  and 
subsequently  fused  in  an  earthen  crucible. 
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By  this  treatment,  the  impurities,  together  with  a  portion  of  the 
antimony,  become  oxidized,  and  on  breaking  the  vessel,  after  having 
allowed  it  to  cool,  the  antimony  is  obtained  as  a  metallic  button,  the 
surface  of  which  will  be  covered  with  a  fern-like  crystallization.  The 
purification  of  this  metal  may  likewise  be  effected  by  fusing  it,  when  in 
a  finely  divided  state,  with  a  small  quantity  of  antimonious  oxide.  Fine- 
ness of  grain  is  an  indication  of  the  purity  of  metallic  antimony. 

When  in  a  state  of  fine  division,  antimony  is  attacked  by  hydro- 
chloric acid  with  the  evolution  of  hydrogen  gas,  but  is  not  acted  on  by 
dilute  sulphuric  acid.  When  attacked  by  hot  concentrated  sulphuric 
acid,  it  becomes  oxidized  with  evolution  of  sulphurous  anhydride. 
Nitric  acid  attacks  antimony ;  the  degree  of  oxidation  varying  with  the 
strength  of  the  acid.  Aqua  regia  attacks  antimony,  and  gives  rise  to 
the  formation  of  antimonious  chloride  (SbCls),  soluble  in  an  excess  of 
hydrochloric  acid. 

On  electrolyzing  a  solution  containing  one  part  of  tartar  emetic 
and  four  parts  of  antimonious  chloride,  by  a  small  battery  of  two  ele- 
ments, antimony  forming  the  positive  and  copper  the  negative  pole, 
metallic  antimony  is  deposited  which  possesses  the  remarkable  property 
of  exploding  and  taking  fire  when  scratched  or  broken. 

Antimony  Ores. 

Antimony,  although  occasionally  found  in  a  native  state,  is  usually 
combined  with  sulphur,  and  is  often  associated  with  galena.  It  al&o 
exists  in  combination  with  both  oxygen  and  arsenic,  l^ative  antimony 
crystallizes  in  forms  derived  from  the  rhombohedron,  and  is  often  asso- 
ciated with  small  quantities  of  iron  and  silver. 

Stibnitb;  Antimoine  sulfur^;  Grauapiegsglcuerz.  Rhombic — This 
substance,  which  is  almost  the  only  mineral  sufficiently  abundant  to  be 
regarded,  practically,  as  an  ore  of  antimony,  is  of  a  lead  or  steel-grey 
colour,  which  is  liable  to  tamLsh  on  exposure. 

The  cleavage  is  parallel  to  the  shorter  diagonal,  and  the  crystals  are 
commonly  divergent,  columnar,  or  fibrous.  It  also  occurs  in  granular 
amorphous  masses.  Its  specific  gravity  varies  from  4*62  to  470;  its 
streak  has  the  colour  of  the  mineral  itself,  and  on  being  heated  on  char- 
coal before  the  blowpipe,  abundant  white  fumes  and  an  odour  of  sulphur 
are  evolved. 

This  ore,  which  is  commonly  associated  with  iron,  dnc,  lead,  silver, 
quartz,  and  sulphate  of  barium,  occurs  in  veins  traversing  granite,  clay- 
date,  &c.  Its  most  celebrated  localities  were  formerly  FelsSbdnya  and 
Schemnitz,  in  Hungary;  Wolfsberg,  in  the  Harz;  and  Puy-de-D6nie 
and  Cantal,  in  France.  Mines  of  sulphide  of  antimony  have  also  been 
worked  in  Spain,  Corsica,  and  in  the  County  of  Cornwall.  Of  late  years 
the  chief  supply  of  antimonial  ores  has  been  obtained  from  Australia, 
Borneo,  and  Japan. 
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The  analysis  of  a  specimen  of  this  mineral  from  Westphalia  afforded 
Schnabel  the  following  results  : — 

Sb 72-02 

8 27-86 

Fe -18 

100-00 

It  is  consequently  a  sulphide  of  antimony,  of  which  the  composition 
is  represented  hy  the  formula  Sb^S,. 

Valbntinitb  ;  Antimonious  oxide,  Sb^O,,  occurs,  though  rarely,  as  a 
mineral,  in  shining  white  crystals  belonging  to  the  rhombic  system.  It 
is  found  in  vems  at  Przibram,  in  Bohemia ;  at  Braiinsdorf,  in  Saxony ; 
and  at  Malaczka,  in  Hungary.  Antimonious  oxide  also  occurs  in  regular 
octahedra  as  senarmontite,  in  the  province  of  Constantine,  Algeria ;  it  is 
therefore  dimorphous.  Tetroxide  of  antimony,  sometimes  called  anti- 
monwua  acid,  SbjOA,  is  found  native  as  cervaniite,  or  antimony  ochre,  at 
Pereta,  in  Tuscany,  and  elsewhere.  Antimony  also  occurs  as  red  anti- 
mony, antimony  blende,  or  kermesite,  Sb208.2SbaS8;  likewise  as  sulphide 
combined  with  other  metallic  sulphides,  particularly  with  those  of  lead 
and  silver. 

We  have  been  unable  to  obtain  any  reliable  statistics  with  regard  to 
the  annual  production  of  antimony,  but  the  amount  raised  in  this  country 
is  exceedingly  sroalL  The  imports  of  antimonial  ores  into  the  United 
Kingdom  are  now  chiefly  from  Borneo  and  Japan. 

Assay  of  Antimony  Ores. 

Dry  Assay. — From  the  great  volatility  of  this  metal  its  ores  must 
be  reduced  at  a  moderate  heat.  For  the  purpose  of  assay,  ores  of 
antimony  may  be  divided  into  two  classes:  the  first  comprehends  all 
compounds  in  which  the  metal  is  either  native  or  combined  with  oxygen, 
and  in  which  little  or  no  sulphur  is  present;  the  second  consists  of 
sulphide  of  antimony,  and  all  other  antimonial  compounds  containing 
large  quantities  of  sulphur. 

Class  1. — All  substances  belonging  to  this  division  are,  when  free 
from  earthy  or  siliceous  impurities,  readily  reduced  by  being  moderately 
heated  with  finely  divided  charcoal.  Their  assay  may  be  conducted  in  an 
earthen  crucible  lined  with  charcoal,  without  the  addition  of  any  flux. 

As  the  volatility  of  this  metal  renders  it  necessary  to  avoid  the 
application  of  a  strong  heat,  when  the  ore  to  be  examined  is  contaminated 
with  siliceous  impurities  the  addition  of  a  suitable  flux  becomes  neces- 
sary. For  this  purpose  the  ore  may  be  either  intimately  mixed  with  two 
parts  of  black  flux,  or  with  one  part  of  carbonate  of  sodium,  and  0'25  of 
finely  powdered  charcoal.  In  this  case,  lining  the  crucible  is  unneces- 
sary, and  after  it  has  remained  in  the  fire  until  its  contents  are  in  a  state 
of  tranquil  fusion,  it  should,  on  being  withdrawn,  be  gently  tapped  against 
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some  hard  body,  to  collect  the  f  ased  metal  into  a  compact  button.  When 
the  crucible  has  become  cold  it  is  broken,  and  the  button  extracted  and 
weighed.  Care  is,  however,  necessary  in  detaching  it  from  adhering  slag, 
since,  from  its  brittleness,  it  is  liable  to  become  broken,  and  a  portion 
consequently  lost. 

This  method  is  likewise  applicable  to  substances  which,  although 
principally  composed  of  oxides  of  antimony,  nevertheless  contain  small 
quantities  of  sulphur ;  as  the  sulphide  yields  with  black  flux  just  one- 
half  of  its  antimony,  a  very  small  portion  only  can,  in  such  eases,  be 
retained  in  the  slags.  When  oxide  of  iron  is  present  in  the  sabstance 
treated,  that  metal  is  reduced  at  the  same  time  as  the  antimony,  and 
uniting  with  it  forms  an  alloy,  by  which  the  result  is  to  some  extent 
vitiated. 

Class  2. — The  assay  of  substances  belonging  to  this  class  may  either 
be  made  by  first  roasting  the  sulphide,  and  subsequently  fusing  the 
oxidised  residue  with  black  flux,  or  by  directly  fusing  the  crude  mineral 
with  the  addition  of  black  flux  and  metallic  iron  or  with  iron  scalei  The 
roasting  of  sulphide  of  antimony  is,  from  its  fusibility  and  the  facility 
with  which  it  is  sublimed,  an  operation  requiring  much  care,  and  it  mast 
consequently  be  conducted  at  a  very  low  heat^  and  be  constantly  kept 
stirred  with  an  iron  rod,  until  all  smell  of  sulphur  ceases  to  be  evolved. 
The  residue  is  then  fused  with  three  parts  of  black  flux,  and  a  button 
of  antimony  is  obtained,  as  in  the  treatment  of  oxidized  minerals  belong- 
ing to  the  first  class. 

The  antimony  contained  in  the  sulphide  of  that  metal  is  readily 
liberated  by  fusion  with  metallic  iron  in  a  state  of  fine  division.  The 
sulphide  of  iron  thus  produced  has,  however,  so  very  nearly  the  same 
density  as  metallic  antimony,  that  their  separation  can  only  be  obtained 
by  keeping  the  contents  of  the  crucible  for  a  considerable  time  in  a 
state  of  fusion.  When  this  precaution  is  t^en,  two  distinct  buttons  are 
obtained  on  breaking  the  crucible ;  the  one,  which  is  at  the  bottom,  is  of 
a  white  colour,  and  crystallized  in  large  plates,  whilst  the  other  is  of  a 
bronze-yellow  tint,  and  consists  of  sulphide  of  iron  containing  slight 
traces  of  antimony.  These  are  carefully  detached  from  one  another,  and 
the  button  of  antimony  weighed.  The  long-continued  heat  necessary  to 
produce  this  separation  has,  however,  the  effect  of  causing  the  loss  of  a 
notable  amount  of  antimony  by  sublimation,  which  is  an  inconvenience 
that  cannot  be  entirely  obviated  by  the  most  careful  manipulation. 

In  operating  in  this  way,  it  is  of  importance  that  only  the  amount 
of  iron  necessary  to  combine  with  the  sulphur  present  should  be  added 
to  the  pounded  sulphide,  as  any  excess  of  that  metal  would  combine 
with  antimony,  giving  rise  to  an  antimonide,  which  would  contaminate 
the  reduced  metal. 

For  the  reduction  of  pure  sulphide  of  antimony,  42  per  cent  of  iron 
in  the  form  of  filings  is  required ;  these  should  be  free  from  rust^  and  in 
the  finest  possible  state  of  division,  as  when  larger  pieces  are  employed  s 
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considerable  amount  of  antimony  is  lost  by  volatilization  before  they  can 
be  fully  acted  upon  by  the  sulphide.  Cast-iron  must  not  be  employed 
for  the  reduction  of  sulphide  of  antimony,  as  it  is  not  only  less  readily 
acted  on  by  sulphur  than  is  wrought-iron,  but  the  slag  produced  adheres 
so  firmly  to  the  reduced  metal  as  to  be  difficult  of  removal 

I^  instead  of  employing  iron  and  sulphide  of  antimony  alone,  a  certain 
proportion  of  carbonate  of  sodium  and  charcoal  be  added  to  the  contents 
of  the  crucible,  similar  results  are  obtained,  and  a  slag  is  produced  con- 
taining sulphide  of  iron  and  sulphide  of  sodium. 

A  good  mixture  for  this  purpose  consists  of  100  parts  of  sulphide  of 
antimony,  42  of  metallic  iron,  45  of  carbonate  of  sodium,  and  5  of  finely 
powdered  charcoal.  When  thus  treated  in  a  lined  crucible,  and  at  a 
moderate  temperature,  pure  sulphide  of  antimony  affords  from  65  to  67 
per  cent  of  metal 

Mitchell  states  that  the  best  method  of  assaying  sulphide  of  antimony 
is  to  mix  it  intimately  with  four  parts  of  cyanide  of  potassium,  and  to 
heat  it  gently  in  an  earthen  crucible.  The  heat  required  in  this  case  is 
80  extremely  low,  that  little  if  any  of  the  metal  is  lost  by  sublimation ; 
while  by  all  other  processes,  a  notable  quantity,  often  amounting  to  5  or 
6  per  cent.,  is  driven  off.  It  is  consequently  evident  that  the  dry  assay 
of  antimony  must  rather  be  considered  as  a  rough  commercial  approxi- 
mation than  as  being  exact.  When  pure  sulphide  is  operated  on  its 
examination  will  be  of  but  little  value,  since  every  100  parts  of  that 
mineral  correspond  to  71*77  of  antimony. 

Wbt  Assay. — The  volatility  of  antimony  and  of  its  sulphide  is  so 
great  as  to  render  all  the  various  methods  of  estimating  this  metal  by 
fire  assay  unsatisfactory.  Even  when  the  antimony  is  present  in  the 
form  of  oxide  the  following  process  will,  however,  afford  accurate  results. 

The  ore,  after  being  pulveiized  and  sifted  in  the  usual  way,  is  inti- 
mately incdrporated  with  from  4  to  5  times  its  weight  of  a  mixture 
consisting  of  equal  parts  of  sulphur  and  sodium  carbonate,  placed  in  a 
covered  porcelain  crucible,  and  heated  over  a  gas-burner.  The  mixture 
is  thus  thoroughly  fused,  and  a  portion  of  the  sulphur  driven  off,  while 
any  oxide  of  antimony  present  is  converted  into  sulphide  of  antimony. 
This  sulphide  is  dissolved  in  the  alkaline  sulphide  formed,  and  leaves  the 
earthy  gangue  unattacked. 

The  crucible  and  its  contents  is  now,  after  cooling,  digested  in  hot 
water,  until  all  the  substances  soluble  in  that  menstruum  have  been  dis- 
solved, when  the  solution  is  passed  through  a  filter.  To  the  filtrate 
hydrochloric  acid  is  carefully  added  until  it  becomes  distinctly  acid,  and 
the  whole  of  the  sulphide  of  antimony,  together  with  a  considerable 
excess  of  sulphur,  has  been  deposited. 

This  deposit  is  thrown  upon  a  weighed  filter,  washed  with  water  con- 
taining a  little  sulphuretted  hydrogen,  dried  at  100°  C.  until  its  weight 
becomes  constant,  and  the  weight  of  the  filter  and  contents  noted.  A 
weighed  portion  of  the  dried  precipitate  is  now  transferred  to  a  small 
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porcelain  boat,  and  heated  first  gently,  and  then  to  a  temperature  of  200* 
to  230*"  C,  in  a  piece  of  combustion-tubing  about  16  inches  in  length, 
through  which  a  current  of  carbonic  anhydride  is  continuously  passed. 
By  this  means  the  excess  of  sulphur  will  be  volatilized  and  carried  away, 
and  after  allowing  the  tube  to  cool,  while  the  current  of  gas  is  still  pass- 
ing through  it,  the  contents  of  the  boat  are  weighed  as  antimonioos 
sulphide,  containing  71*77  per  cent,  of  metallic  antimony.  From  the 
weight  thus  found  is  calculated  the  percentage  of  antimony  contained  in 
the  ore ;  but  for  the  sake  of  verifying  the  result,  it  is  desirable  to  operate 
in  the  same  manner  upon  another  weighed  quantity  of  the  dried  precipi- 
tate obtained  by  the  addition  of  hydrochloric  acid  to  the  original  solution. 
When  an  ore  contains  antimony  sulphide,  free  from  any  admixture 
of  oxide,  it  may  be  dissolved  in  strong  hydrochloric  acid,  to  which  a 
little  nitric  acid  has  been  added.  Dilute  slightly,  and  add  ammonia  and 
yellow  sulphide  of  ammonium ;  boil,  filter,  and  decompose  the  solution  by 
adding  slight  excess  of  hydrochloric  acid.  The  precipitated  antimonions 
sulphide  is  collected  on  a  filter,  washed,  dried,  and  heated  in  an  atmos- 
phere of  carbonic  anhydride.  This  is  a  quicker  process  than  that  by  the 
mixture  of  sulphur  when  the  ore  contains  no  oxide  of  antimony  insoluble 
in  hydrochloric  acid. 

METALLURGY  OF  ANTIMONY. 

Liquation  op  the  Sulphide. — From  the  fusibility  of  sulphide  of 
antimony,  its  separation  from  the  siliceous  and  earthy  gangues  with 
which  it  is  associated  is  often  effected  by  a  simple  liquation  conducted 
at  a  moderate  heat.  On  the  Continent  this  operation  is  often  carried 
on  in  vertical  retorts ;  but  in  this  country  a  leverberatory  furnace  has 
usually  been  employed. 

In  France,  the  separation  of  sulphide  of  antimony  from  its  associated 
gangues  is  sometimes  efifected  by  means  of  an  apparatus  of  which  fig. 
146  represents  a  vertical  section.  For  this  purpose  the  mineral  is 
placed  in  large  earthen  retorts,  R,  of  which  four  or  more  are  set  in 
each  furnace.  An  aperture  is  left  at  the  bottom  of  each,  which  corre- 
sponds with  a  similar  opening  in  the  tile,  by  which  they  are  supported 
and  to  which  they  are  luted.*  Beneath  these,  in  separate  chambers,  C, 
are  the  earthen  pots,  P,  in  which  is  received  the  melted  sulphide  as  it 
descends  from  the  cylinders  above* 

The  fuel  consumed  is  wood,  and  the  sulphide  obtained  is  con- 
verted into  metallic  antimony,  by  roasting  in  a  reverberatory  furnace, 
and  subsequent  reduction  by  a  mixture  of  20  per  cent,  of  pulverized 
charcoal,  saturated  with  a  strong  solution  of  sodium  carbonate. 

Reduction  to  the  Metallic  State  in  Crucibles. — ^To  obtain 
metallic  antimony,  the  sulphide  is  sometimes  roasted  in  a  reverberatory 
furnace  until  the  sulphur  has  been  expelled,  and  a  grey  residue  remains. 
This  is  afterwards  mixed  with  one-tenth  its  weight  of  crude  tartar,  and 
reduced  in  earthen  crucibles.     The  metal  obtained  by  this  process  is, 
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with  the  exception  of  a  certain  admixture  of  iron,  tolerahly  pare,  and  is 
ready  for  the  market.  The  English  process  for  antimony-smelting  is 
conducted  in  large  crucibles  made  of  refractory  clay  mixed  with  a  small 
proportion  of  plumbago,  which  are  heated  in  circular  wind-furnaces. 

In  order  to  obtain  metallic  antimony  from  its  sulphide,  by  the  English 
process,  three  distinct  operations  are  required,  namely.  Singling,  Doubling, 
and  Melting  for  star^metal. 

The  furnaces  used  in  this  process  are  3  feet  in  depth  and  14  inches 
in  diameter.  The  crucibles  are  15  inches  in  depth,  10}  inches  wide  at 
top,  and  9  inches  at  bottom,  inside  measure ;  the  fuel  used  is  coke. 

Singling, — This  consists  in  fusing  40  lbs.  of  raw  ore  with  from  20  to 


Fig.  146. — liqiuttion-Funutoe ;  yertioal  section. 

22  lbs.  of  tin-plate  clippings,  by  which  treatment  two  products,  sulphide 
of  iron  and  impure  metallic  antimony,  are  obtained.  In  some  cases  a 
small  quantity  of  slag  from  the  next  operation  is  added.  Each  fusion 
requires  about  1^  hour,  and  at  its  termination  the  charge  is  poured  into 
a  conical  mould,  and,  when  sufficiently  cold,  the  antimony  is  separated 
from  the  ferruginous  matte  by  which  it  is  covered. 

Doubling, — The  impure  metal  from  the  first  operation  is  subsequently 
fused  in  a  similar  crucible  with  the  addition  of  sodium  sulphate  and  a 
small  quantity  of  slag  from  the  third  process.  The  charge  of  each 
crucible  is  80  lbs.  of  crude  antimony,  2  lbs.  of  salt-cake,  and  a  small 
quantity  of  slag  from  the  star-metal.  This  fusion  occupies  1  hour  and 
20  minutes. 

Melting  for  star-metal. — About  60  lbs.  of  the  metal  obtained  from 
the  doubling  process  (bowlmetal)  are  broken  into  small  fragments,  to 
which  are  added  2  lb&  of  pearlash  and  5  lbs.  of  the  slags  obtained 
during  a  previous  fusion  for  star-  or  French-metal.  The  fusion  usually 
occupies  somewhat  less  than  one  hour,  and  when  it  is  completed  the  metal 
is  cast  into  rectangular  ingots,  care  being  taken  that  each  shall  be  com- 
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pletely  covered  mrith  slag.     If  this  be  not  attended  to  the  necessarj 
crystalline  surface  is  not  obtained. 

Smblting  IK  THB  Blast-Furnaob. — In  Bohemia  antimony  ores,  con- 
sisting of  sulphides  and  oxides,  mixed  with  a  considerable  proportion  of 
siliceous  waste,  are  smelted  in  a  blast-furnace  for  crude  antimony,  which 
is  subsequently  refined  in  a  reverberatory  furnace. 

The  average  composition  of  the  materials  forming  the  blast-fnmace 
charge  is  as  follows :  ^  — 
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The  furnace  has  a  round  stack  6  metres  in  height,  1*4  metre  in 
diameter  at  the  throat,  and  1  metre  at  the  hearth,  which  is  provided  with 
five  water-tuyers  and  three  outlets  for  the  molten  products — an  upper 
one  for  the  slag,  and  two  at  the  bottom.  Of  the  latter,  one  has  a  slight 
rise,  and  forms  the  ordinary  tap-hole  for  the  metal,  while  the  other, 
which  is  horizontal,  is  only  used  when  blowing  out  the  furnace. 

The  blast,  supplied  by  a  screw-blower,  amounts  to  15  cubic  meties  per 
minute  at  30  cm.  water-pressure.  The  gases  are  collected  by  a  tube 
leading  from  the  side  of  the  furnace  a  short  distance  below  the  throat 
The  furnace  is  kept  continuously  in  blast  for  three  weeks,  and  smelts 
about  19  metric  tons  of  materials  daily. 

The  smelting-mixtures  are  of  two  kinds,  whose  compositions  are  as 
follows : — 


Calcined  dressed  ores 
Calcined  liquation-residues 
Ores  balled  with  lime     . 
Flue-stufif  balled  with  lime 
Raw  ore         .        .        . 
Oxidized  ore  . 
Raw  liquation-residues  . 
Limestone 
Foul  furnace-slags 
Refining-slags 
,  €Srode  antimony,  Metal  No.  III. 


A. 

B. 

Kiloa. 

Kiloa. 

550 

600 

750 

600 

200 

... 

100 

, 

... 

100 

... 

100 

... 

100 

600 

800 

400 

400 

... 

SOO 

•>• 

100 

X  '  Stahl  nnd  Eisen,'  toI.  ti.,  z886,  p.  6a. 
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The  most  fftTonrable  result  is  obtained  when  these  mixtures  are  used 
alternately,  two  charges  of  A  being  followed  by  one  of  B. 

lime  is  used  to  the  extent  of  10  per  cent  to  ball  up  part  of  the 
washed  ore  to  a  compact  mass,  and  some  of  the  flue^tuff  is  similarly 
treated,  but  with  7  per  cent,  of  lime.  This  is,  however,  only  necessary 
at  starting,  as  it  is  found  that  when  the  furnace  has  been  blowing  for 
eight  or  ten  days  the  materials  may  be  charged  in  powder  without  in 
any  way  injuring  its  working. 

The  products  of  the  blast-furnace  are  crude  metallic  antimony,  slag, 
and  flue-stuff.  The  first*  is  divided  into  three  classes,  of  the  following 
average  composition : — 

Na  1  No.  II.  No.  III. 

Sb 90-02  78-80  6504 

Fe 6-28  16-66  28-80 

S 2-85  8-42  10-46 

The  first  two  qualities  are  sent  to  the  refinery,  while  No.  III.  goes 
back  to  the  blast-furnace.  The  relative  proportions  are:  No.  L,  82*5; 
No.  IL,  9*0;  and  No.  lU.,  8*5  per  cent  of  the  total  production  of  the 
furnace. 

The  slags  produced  vary  slightly  in  accordance  with  the  smelting- 
mixtures.     Thus — 

SiOs 46-9  45-9 

CaO 84-6  81-4 

FeO 15-1  19-9 

Sb 0-5  0-9 

The  first  is  produced  from  the  mixture  A,  and  the  second  from  £. 

There  is  very  little  flue-dust  produced  in  the  blast-furnace,  the  bulk 
of  that  product  being  derived  from  the  preliminary  operation  of  calcining 
the  dressed  ores.  This  is  done  in  a  single-bedded  reverberatory  furnace 
8  metres  long  and  2  metres  broad,  with  five  working-doors  on  one  side, 
heated  with  brown  coal,  which  is  burned  upon  a  step  grate.  The  produce 
is  about  1,200  kilos,  per  day.  The  ore,  which  is  charged  in  quantities  of 
200  kilos,  at  a  time,  clots  and  softens,  giving  off  a  large  quantity  of 
sulphurous  acid  as  soon  as  it  attains  a  red  heat,  but  subsequently  again 
becomes  dry,  and  when  fully  roasted  is  in  the  state  of  powder.  The 
avenge  time  that  a  charge  remains  in  the  furnace  is  twenty  hours. 

The  refining  of  the  crude  metal  is  conducted  in  a  reverberatory  fur- 
nace with  an  iron  bed  4  metres  long  by  2'5  metres  broad,  covered  with 
a  layer  of  fire-clay  0*28  metre  thick.  Brown  coal  is  used  upon  an  ordi- 
nary grate.  The  working-door  is  on  one  side  and  the  tapping-hole  at  the 
end  of  the  bed.  The  gases  on  their  way  to  the  chimney  pass  under  an 
iron  plate,  on  which  the  moulds  for  the  refined  metal  are  placed  in  order 
to  warm  them.  The  charge  consists  of  450  kilos,  of  No.  I.  metal  and  50 
kilos.  No.  IL,  the  first  being  coarsely  broken ;  while  the  second  is  in 
powder,  to.  which  are  added  42  kilos,  of  sulphate  of  soda,  5  kijos.  o*f 
charcoal-dust,  and  150  kilos,  of  unroasted  ore.     The  operation  lasts  ten 
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hours,  and  a  final  slag  is  obtained  by  the  addition  of  3*40  kilos,  of  car- 
bonate of  potash  and  2*60  kilos,  of  carbonate  of  soda,  1  kilo,  of  nw 
and  6  kilos,  of  calcined  cnide  regulus  (eliquated  sulphide  of  antimony), 
and  12  kilos,  of  the  same  slag  from  previous  operations.  The  refined 
antimony  (star-metal)  contains  as  impurities : — 

As 0-S80 

Fe 0-052 

Ag 0-006 

S 0720 

The  brittleness  of  this  metal  prevents  its  being  extensively  employed 
in  a  pure  state,  but  its  alloys  are  much  used.  The  most  important  of 
these  is  type  metal  Antimony,  in  the  form  of  a  soluble  tartrate  of  anti- 
mony and  potassium,  is  the  tartar  emetic  of  the  apothecary.  AntimoDy, 
with  a  mixture  of  lead,  forms  type  metal  and  the  alloy  on  which  music 
is  engraved.  A  similar  mixture  is  much  used  in  alkali-works  in  making 
pumps  and  taps  for  raising  and  drawing  off  acids. 


AESENIC. 

Arsenic  is  a  brittle  metal,  of  a  steel-grey  colour,  possessing  a  strong 
lustre.  When  heated  to  180^  C,  it  sublimes  without  first  entering  into' 
fusion,  and  when  oxidation  takes  place  at  the  same  time  emits  an  odour 
resembling  that  of  garlic.  In  close  vessels  it  may  be  sublimed  without 
change ;  but,  if  air  be  admitted,  it  is  rapidly  converted  into  arsenious 
oxide.  When  exposed  to  air  and  moisture,  it  usually  acquires,  on  its 
surface,  a  dark  film,  which  is  only  superficial ;  it  has,  howevei^  been 
observed  that  some  specimens  may  be  kept  in  open  vessels  for  several 
years  without  losing  their  lustre,  while  others  are  in  a  short  time 
oxidized  throughout  their  whole  substance,  and  fall  into  powder.  This 
difference  has  been  accounted  for  by  supposing  arsenic  to  exist  in 
two  allotropic  conditions,  but  it  is  equally  possible  that  difference  of 
structure  alone  may  sufficiently  explain  the  phenomenon.  The  arsenic 
deposited  in  the  hotter  parts  of  the  receivers  in  which  it  is  collected  is 
of  a  whiter  colour  than  the  other,  and  is  highly  crystalline ;  that  found 
in  the  cooler  portions  of  the  receivers  is  amorphous,  darker  in  colour, 
and  more  readily  oxidized. 

Arsenic  is  combustible,  and  bums  with  a  bluish  white  flame,  and  the 
formation  of  arsenious  oxide  As^Os.  This  oxide,  generally  known  by 
the  name  of  *'  white  arsenic/'  is  the  most  common  preparation  of  this 
metal  It  is  obtained  by  roasting,  in  a  reverberatoiy  or  other  fomace, 
ores  containing  arsenic, 

Obbs  of  Absbnio. — The  white  arsenic  of  commerce  is  procured 
during  the  treatment  of  arsenical  ores  of  tin,  cobalt,  and  copper,  and  to 
some  extent  also  by  roasting  arsenical  pyrites. 
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Assay  op  Arsenical  Ores. — Digest  the  finely  pulverized  ore  in  strong 
nitric  acid  iintil  all  action,  on  the  addition  of  fresh  acid,  is  at  an  end. 
Evaporate  nearly  to  dryness,  to  expel  excess  of  nitric  acid,  dilute  mode- 
rately with  water,  and  filter.  The  filtrate  will  contain  the  arsenic  in  the 
form  of  arsenic  acid,  prohahly  with  sulphuric  acid,  resulting  from  the 
oxidation  of  sulphur.  Solution  of  nitrate  of  lead  is  added,  and  a  mixture 
of  arsenate  and  sulphate  of  lead  thrown  down.  The  liquid  is  removed 
by  decantation,  and  the  precipitate  digested  with  weak  nitric  acid  by 
which  the  arsenate  of  lead  is  dissolved,  while  the  sulphate  of  lead 
remains.  This  is  separated  by  filtration,  and  the  filtrate  neutralized 
with  sodium  hydrate,  which  throws  down  arsenate  of  lead;  this  must 
be  collected,  dried,  and  weighed.  Every  100  parts  of  this  precipitate 
corresponds  with  22*2  of  metallic  arsenic,  or  29  parts  of  arsenious  oxide. 
The  above  process,  which  is  comparatively  expeditious,  is  recommended 
by  Mitchell  in  his  "  Manual  of  Assaying,"  but  the  writer  has  not  had 
occasion  to  test  the  accuracy  of  the  results  obtained.  Arsenic  may  be 
estimated  with  considerable  accuracy  as  an  ammonio-magnesian  arsenate ; 
but  in  the  presence  of  iron  and  various  other  bodies,  the  operation  be- 
comes a  process  of  quantitative  analysis,  for  which  some  text-book  on  that 
subject  should  be  consulted 

Manufactturb  op  White  Arsenic. — None  of  the  makers  of  white 
arsenic  in  Devon  or  Cornwall,  excepting  the  Great  Devon  Consols  Com- 
pany, manufacture  it  directly  from  raw  ore;  the  grey  flue-deposit  from  the 
tin  mines  is  generally  employed.  At  Devon  Consols  raw  ore  is  roasted 
in  the  Oxland  and  Hocking  calciner,  and  much  of  the  arsenic  produced  is, 
without  fui-ther  preparation,  sufficiently  pure  for  the  market.  When 
any  of  it  is  found  to  be  a  little  grey  in  colour  it  is  re-sublimed. 

A  common  reverberatory  furnace  is  used  for  the  re-sublimation  of 
crude  arsenic,  but  to  prevent  discolouration  by  smoke,  either  coke  or 
anthracite  is  used  as  fuel  A  large  proportion  of  the  sublimed  white 
arsenic  is  deposited  in  an  amorphous  state,  but  some  of  it  is  found  in  the 
form  of  octahedral  crystals.  The  whole  is  ground  between  French  burr- 
stones,  and  packed  in  casks  for  the  market.  All  the  white  arsenic  pro- 
daced  in  this  country  comes  from  Devon  and  Cornwall. 

Freshly  prepared  arsenious  oxide  is  perfectly  colourless  and  trans- 
parent, but  becomes  opaque  by  exposure.  It  is  largely  employed  by 
glass-makers,  and  in  the  manufacture  of  emerald  green.  The  annual 
production  of  arsenious  oxide  in  this  country  is  about  5,000  tons. 

Preparation  op  Metallic  Arsenic. — Arsenious  oxide  when  heated 
with  carbonaceous  matter  becomes  reduced  to  the  metallic  state.  Metallic 
arsenic  is  prepared  either  by  the  reduction  of  arsenious  oxide,  or  by  the 
direct  decomposition  of  arsenical  pyrites  at  a  high  temperature  in  retorts, 
which  are  usually  arranged  in  a  gallery. 

At  Altenberg,  Saxony,  a  mixture  of  1  cwt.  of  arsenious  oxide  with  ^  a 
cubic  foot  of  powdered  charcoal,  is  submitted  to  reduction  and  sublima- 
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tion  in  iron  retorts.  A  charge  so  constituted  necessitates  the  coDBmnp- 
tion  of  8  cubic  feet  of  large  coal  and  3^  cubic  feet  of  slack. 

At  Eeichenstein,  in  Silesia,  the  lollingite  (Fe^s,)  operated  on  con- 
tains about  23  per  cent,  of  arsenia  The  furnaces  employed  for  working 
these  ores  have  each  twenty-six  glazed  earthen  tubes  or  retorts,  vary- 
ing in  length  from  26  to  28  inches,  and  5  inches  in  diameter ;  they  are 
provided  with  receivers  resting  upon  masonry  supports.  Of  these 
twenty- six  retorts,  thirteen  are  placed  on  either  side  of  the  furnace, 
seven  in  a  lower  row  and  six  in  the  intermediate  spaces  above.  The 
chamber  enclosing  the  receivers  is  provided  with  an  iron  door,  which  is 
kept  shut  till  the  close  of  the  operation;  the  products  of  combustion 
escape  through  apertures  in  the  arch,  which  is  covered  by  a  conical 
chimney,  like  that  placed  over  a  steel  cementation -furnace.  Each 
furnace  is  charged  with  5  cwts.  of  ore,  which  in  the  course  of  ten  hours 
yield  100  lbs.  of  arsenic,  of  which  about  90  lbs.  are  sold  in  the  light- 
coloured  crystalline  state,  and  the  remainder  as  dark-grey  arsenic 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  various 
alloys,  and  particularly  in  the  manufacture  of  shot  When  a  small 
quantity  of  this  metal  is  mixed  with  lead,  it  is  found  not  only  to  impart 
to  it  a  certain  degree  of  hardness,  which  is  advantageous,  but  it  likewise 
gives  it  a  tendency  to  form  into  regular  globules,  which  facilitates  the 
manufacture. 


ZINC. 

Although  ores  of  zinc  have  been  employed  from  remote  antiquity  for 
the  purpose  of  converting  copper  into  brass,  the  metal  itself  does  not 
appear  to  have  been  known  in  Europe  prior  to  the  commencement  of  the 
sixteenth  century ;  as  we  find  it  first  distinctly  mentioned  by  Paracelsus, 
who  died  in  1541.  It  is,  however,  stated  by  Beckmann  and  others  to 
have  been  first  described,  under  the  name  of  marchasUa  aurea^  in  the 
thirteenth  century  by  Albert  of  Bollstadt,  commonly  known  as  Albertus 
Magnus.  Its  colour  is  bluish  white,  and  when  recently  broken  it  presents 
a  brilliant  crystalline  surface.  At  ordinary  temperatures  zinc  is  a  brittle 
metal,  but  when  heated  to  between  100**  and  150**  G.  it  becomes  both 
ductile  and  malleable.  When  the  heat  is  increased  to  about  205*  it  is 
again  brittle,  and  may  at  this  temperature  be  readily  pulverized  in  an 
iron  mortar.  Zinc  fuses  at  about  412"*  C,  and  when  slowly  cooled 
exhibits  a  highly  crystalline  texture.  The  zinc  of  commerce,  known  as 
spelter^  is  not  chemically  pure,  but  is  invariably  contaminated  with  the 
presence  of  various  other  metals,  such  as  lead,  cadmium,  and  iron.  The 
following  analyses  of  commercial  zinc  from  various  localities,  given  by 
Schtitzenberger,  show  that  lead  is  its  chief  impurity  : — 
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BUeaia. 

Hefbexg. 

PennaylvaniA, 

New  Jersey. 

niinoli. 

Zn         .        .        . 
Pb         ,        .        . 
Cd         ,    ^  . 
Pe         .        .        . 

97-471 
2-893 

traces 
0  186 

98-054 
1-563 
0-282 
0101 

99*982 

o-oia 

99-976 
0-624 

99-878 
0-508 
0-078 
0-041 

Belgian  zinc  contains  about  0*3  per  cent  of  lead,  and  is  free  from 
arsenic  The  proportion  of  arsenic  contained  in  commercial  zinc  does 
not  usually  exceed  0*000097  per  cent.  It  is  therefore  evident  that  the 
sine  of  commerce  is  sufficiently  pure  for  ordinary  purposes. 

When,  however,  it  is  to  he  employed  for  the  purposes  of  toxicological 
investigation  it  is  essential  that  it  should  he  free  from  both  arsenic  and 
sulphur,  and  some  process  of  purification  becomes  necessary.  This  may 
be  accomplished  by  a  method  recommended  by  Gunning,  which  furnishes 
zinc  containing  a  little  lead,  but  perfectly  free  from  arsenic  and  sulphur. 
In  order  to  purify  zinc  by  this  method,  granulated  zinc  and  a  mixture  of 
sodium  carbonate  with  sulphur  are  arranged  in  alternate  layers  in  a 
crucible.  This  is  heated  until  its  contents  have  become  fused,  and  the 
metal,  freed  from  the  adhering  slag,  is  again  melted  with  a  little  litharge, 
by  which  the  last  traces  of  sulphur  are  removed. 

Instead  of  operating  as  above  described,  a  mixture  of  four  parts  of 
zinc  filings  and  one  of  nitre  may  be  heated  together  in  an  earthen 
crucibla  Deflagration  takes  place,  all  the  arsenic  and  a  portion  of  the 
zinc  becomes  oxidized,  and  the  unoxidized  zinc  collects  in  the  form  of  a 
button  at  the  bottom  of  the  crucible.  Distillation  in  an  earthen  retort ' 
removes  any  remaining  traces  of  iron. 

Zinc  thus  treated  still,  however,  retains  traces  of  lead,  and  to  obtain 
the  metal  in  a  perfectly  pure  state,  it  is  necessary  to  distil  a  mixture  of 
pure  zinc  oxide  and  sugar-charcoal  in  a  porcelain  retort. 

When  a  brilliant  surface  of  clean  and  polished  zinc  is  exposed  to  dry 
air,  it  remains  unchanged  at  common  temperatures;  in  a  damp  atmosphere, 
on  the  contrary,  it  is  tarnished  and  soon  acquires  a  grey  colour  from  the 
formation  of  a  superficial  coating  of  oxida  When  heated  in  contact  with 
air  at  a  temperature  sensibly  above  its  point  of  fusion,  it  takes  fire,  and 
bums  with  an  extremely  vivid  white  flame.  The  brilliancy  of  this  filame 
is  caused  by  the  combustion  of  metallic  zinc,  which  gives  rise  to  the 
formation  of  zinc  oxide,  ZnO,  the  fioree  zinci,  nil  cUbum,  or  lana  philo- 
sopJiiea  of  the  early  chemists,  a  body  which  may,  practically,  be  con- 
sidered as  fixed  at  all  temperatures.  This  becoming  white  hot  communi- 
cates to  the  flame  its  peculiar  intensity  of  colour.  Oxide  of  zinc  obtained 
by  this  means  is  largely  employed,  when  ground  with  oil,  as  a  pigment, 
in  lieu  of  white  lead ;  from  its  perfect  whiteness,  as  well  as  from  the 
circumstance  of  its  not  becoming  blackened  by  sulphuretted  hydrogen,  it 
is  for  many  purposes  to  be  preferred  to  the  different  preparations  of  lead. 
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Zinc  is  soluble  in  hydrochloric  and  in  dilute  sulphuric  acid,  with 
evolution  of  hydrogen  gas ;  the  action  of  these  acids  is  more  energetic  on 
ordinary  commercial  zinc  than  on  that  which  is  chemically  pure.  This 
metal  decomposes  water  with  the  formation  of  zinc  oxide  and  the  evolu- 
tion of  hydrogen ;  when  zinc  is  in  a  state  of  fine  division  this  reaction 
commences  at  a  temperature  slightly  exceeding  lOO*"  C.  The  very  finely 
divided  metal  which  is  condensed  in  the  sheet-iron  drums  fixed  upon  the 
day  adapters  of  zinc-retorts,  known  by  the  name  of  gris  de  zinc,  possesses 
remarkable  properties,  due  to  its  extreme  state  of  division,  and  is  employed 
as  a  reducing  agent  in  various  chemical  operationa  This  material,  although 
containing  various  impurities,  decomposes  water  even  at  ordinary  tempera- 
tures. A  specimen  of  this  substance,  analysed  by  Aldendorf,  afforded 
the  following  results  : — 

Zn 39-90 

.      Pb 2-47 

Cd 4-09 

ZnO 49-76 

ZnCOs 8-29 

Insoluble  residue 0*89 

99-90 
The  above  analysis  may  be  regarded  as  fairly  typical  of  this  product, 
since  the  samples  usually  differ  only  with  respect  to  the  relative  amounts 
of  zinc  and  zinc  oxide  present. 

Zinc  is  also  soluble,  with  liberation  of  hydrogen,  in  boiling  solutions 
of  potash  or  soda.  If,  at  the  same  time  that  the  zinc  is  inserted  in  the 
alkaline  solution,  a  slip  of  iron  be  placed  in  contact  with  it  in  the  same 
liquid,  the  decomposition  of  water  may  be  effected  at  ordinary  tempera- 
tures. In  this  case  the  zinc  alone  is  attacked,  the  iron  merely  serving 
as  the  negative  element  of  a  voltaic  couple,  by  the  action  of  which  the 
decomposition  is  much  facilitated. 

Zinc  is  largely  employed  in  the  form  of  sheets  for  covering  houses  and 
for  making  gutters  and  spouts;  also  for  casting  imitation  bronzes,  for 
galvanizing  sheet-iron,  and  as  a  constituent  of  brass. 

Zinc  Ores. 

Zinc  usually  occurs  in  combination  with  either  sulphur,  oxygen,  car- 
bonic acid,  silica,  or  sulphuric  acid,  and  is  also  occasionally  found  asso- 
ciated with  alumina,  as  in  a  variety  of  the  species  spineL  Before  the 
blowpipe  the  ores  of  zinc  are  almost  completely  infusible,  but  when 
strongly  heated  on  a  charcoal  support,  give  off,  with  greater  or  less  facility, 
fumes  of  zinc,  which  becoming  oxidized  are  deep  yellow  when  hot,  and 
are  deposited  on  the  cooler  parts  of  the  charcoal  as  a  white  incrustation. 

The  zinc  of  commerce  is  chiefly  obtained  from  the  natural  carbonates 
and  silicates  of  this  metal,  and  from  the  native  sulphide,  or  blende.  The 
ores  of  zinc  occur  either  in  veins  traversing  the  older  rocks,  or  in  floors 
and  bunches  in  more  recent  formations.     The  first  mode  of  occurrence 
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is  perhaps  the  most  frequent,  hut  the  more  recent  deposits  are  generally 
most  productive. 

Native  Zinc. — A  specimen  of  native  zinc  is  stated  to  have  been  found 
near  Melbourne,  Victoria,  in  a  cavity  in  basalt ;  but  the  occurrence  of 
this  metal  in  the  native  state  requires  confirmation. 

Bed  Ziko  Ore  ;  Zinctte ;  Zinc  oxyde  ferrifire ;  Ztnkoxyd.  Hexa- 
gonal— Red  oxide  of  zinc,  ZnO,  although  rarely  occurring  in  the  crystal- 
line form,  has  sometimes  been  met  with  in  crystals  belonging  to  the 
hexagonal  system.  It  is  found  at  Mine  Hill,  Stirling  Hill,  &c.,  in  New 
Jersey,  where  it  is  associated  with  franklinite,  willemite,  and  calcite. 

An  analysis  of  this  mineral  by  Whitney  gave : — 

ZnO 9619 

MdjOj 8-70 

99-89 

Its  specific  gravity  varies  from  5*4  to  5*7 ;  lustre  adamantine ;  aflfords 
•when  scratched  an  orange-yellow  streak;  colour  red,  of  various  hues, 
sometimes  inclining  to  yellow.  It  possesses  distinct  cleavages,  is  brittle, 
and  presents  a  subconchoidal  fracture. 

Alone,  before  the  blowpipe,  this  mineral  is  infusible,  but  with  the 
addition  of  borax  a  yellow  transparent  glass  is  obtained.  Its  surface 
becomes  dull,  and  ultimately  white,  by  exposure. 

A  specimen  of  this  mineral,  of  extreme  purity,  and  weighing  16,400 
lbs.,  was  forwarded  to  the  Great  Exhibition  of  1851. 

Zinc  Blende;  Zinc  sul/ure;  Blende,  Cubic,  tetrahedral. — This 
mineral  occurs  either  massive,  or  in  dodecahedra,  octahedra,  and  allied 
forms.  Streak  white  to  reddish-brown.  Colour,  resin-yellow  to  dark- 
brown  or  black ;  specimens  having  a  green  or  a  red  tint  are  occasionally 
met  with.  Lustre  waxy  or  resinous,  and  when  recently  broken  a  brilliant 
and  frequently  submetallic  surface  is  obtained.  Specific  gravity  3*7  to 
4 '2.  This  ore,  when  of  a  dark  colour,  contains  sulphide  of  iron,  and  the 
red  variety  is  sometimes  associated  with  as  much  as  5  per  cent,  of  cad- 
mium sulphide.  When  heated  alone,  or  with  the  addition  of  borax, 
before  the  blowpipe,  it  is  infusible ;  when  a  charcoal  support  is  employed, 
it  yields  metallic  fumes,  resulting  in  a  deposit  of  oxide  of  zinc. 

Blende  occurs  in  rocks  of  all  ages,  and  is  often  associated  with 
ores  of  lead,  as  also,  though  less  frequently,  with  those  of  iron,  copper, 
tin,  and  silver.  The  blende  found  in  this  country  is,  from  the  amount 
of  iron  sulphide  it  contains,  usually  of  a  dark  colour,  and  is  hence  called 
Black  Jack  by  English  miners.  This  sulphide  is  found  abundantly  in 
Cornwall,  Cumberland,  and  Derbyshire,  as  well  as  in  Transylvania, 
Hungary,  the  Harz,  and  elsewhere. 

A  transparent  variety  of  a  bright-yellow  colour  accompanies  boumo- 
nite  and  fahlerz  at  Kapnik  in  Transylvania ;  still  more  beautiful  speci- 
mens of  an  olive-green  tint  are  procured  from  Schemnitz  in  Hungary ; 
transparent  red  blende  occurs  in  Spain ;  whilst  Sweden,  Bohemia,  and 
Saxony  furnish  brilliant  brown  and  black  crystals  of  this  mineral. 
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The  sine  and  snlphnr  of  which  this  mineral  is  composed  are  comr 
bined  in  the  proportion  of  1:1,  and  its  composition  will  consequently 
be  expressed  by  the  formula  ZnS. 

Two  analyses  of  this  substance  from  different  localities  afforded  the 
following  results : — 


SnlphldcoTZIne, 
.in  Crystela ; 
Artr9dam. 

LcmaDAr,  from 
EoglAnd ;  Berthier. 

Zn      .        .        .        . 

Fe       .        .        .        . 
S         .        .        .        . 

66-84 
33-'66 

61-6 

4-0 

880 

100-00 

98-5 

From  the  difficulties  formerly  experienced  in  its  metallurgical  treat- 
ment, this  mineral  was  until  a  comparatively  recent  date  but  sparingly 
employed  as  an  ore  of  zinc,  although  after  careful  roasting,  it  yields^  by 
distillation  with  carbonaceous  matter,  a  large  proportion  of  the  metal  it 
contains. 

Carbon ATB  OP  Zinc;  Calamine;  Smithsoniie ;  Zinc  carbonate;  ZiiQa- 
path,  RhombohedraL — This  substance  is  found  in  crystals,  in  concre- 
tionary and  compact  masses,  and  in  pseudomorphic  forms.  When  pure, 
its  colour  is  yellowish-white  :  but  when  much  contaminated  with  iron,  it 
is  frequently  brown  or  reddish-brown. 

Lustre  vitreous,  inclining  to  pearly ;  streak  white ;  cleavage  parallel 
to  the  faces  of  the  rhombohedron.  Specific  gravity  from  4*00  to  4 '45. 
Smithson,  who  analysed  two  specimens  of  this  mineral  from  Derbyshire, 
found  them  to  contain  : — 


i: 

S. 

ZnO    ...        . 
CO,    ...        . 

65-20 
84-80 

64-64 
85-86 

100-00 

100-00 

The  composition  of  this  mineral  is  represented  by  the  formula 
ZnO.COj,  or  ZnCOj.  It  is  soluble  in  acids  with  evolution  of  carbonic 
anhydride )  when  strongly  heated  before  the  blowpipe,  that  gas  is  elimi- 
nated and  oxide  of  zinc  remains.  This  is  one  of  the  most  important 
ores  of  zinc,  and,  together  with  the  silicates  with  which  it  is  almost  in- 
variably associated,  is  extensively  employed  for  the  production  of  that 
metal.  A  compact,  fibrous,  semi-transparent  variety  of  this  mineml,  of  a 
pale-yellow  colour,  and  disposed  in  concentric  laminie,  occurs  at  Alston 
Moor  in  Cumberland,  where  it  is  found  associated  with  blende  and 
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galona  in  calcaieons  rocks.  It  is  likewise  found  in  Derbyshire,  as  also 
in  the  Island  of  Sardinia,  in  Greece,  in  Siberia,  Hungary,  Silesia,  Garin- 
thia,  and  near  Aix4a-Ghapelle,  as  well  as  in  many  parts  of  the  United 
States  of  America. 

Silicate  of  Zinc;  Electric  Calamine;  Zinc  axyde  siliciftre. 
Rhombic,  hemimorphic. — ^This  mineral  was  for  a  long  time  confounded 
with  carbonate  of  zinc,  although  they  differ  materially  from  one  another 
both  in  their  chemical  and  physical  properties.  It  occurs  in  mam- 
millated,  botryoidal,  and  fibrous  forms;  also  massive,  granular,  and 
crystallized. 

Its  usual  colour  is  white,  with  sometimes  a  bluish  or  greenish  shade, 
also  yellowish  to  brown.  Streak  white.  Transparent  or  opaque; 
vitreous  lustre  and  uneven  fracture.  Specific  gravity  3*3  to  3*6. 
Crystals  of  this  mineral,  when  heated,  become  electric,  and  the  same 
effect  is  sometimes  produced  by  friction. 

Specimens,  analysed  by  Hermann  and  Schnabel,  gave  the  following 
results: — 


Hermann. 

Schnabel. 

SiO,    .... 
ZnO    ...        . 
HaO    ...        . 
FeaO,.        .        .        . 

26-96 

65-66 

8-88 

2«74 

66-25 

8-34 

1-08 

100-00 

99-41 

The  composition  of  this  mineral  may  be  represented  by  the  formula 
Zn^i04.H20,  or  2ZnO.SiOs.Aq.  This  is  a  valuable  ore,  and  is  commonly 
associated  with  the  carbonate  in  deposits  containing  ores  of  iron  and 
lead,  together  with  sulphide  of  zinc.  Considerable  quantities  occur  at 
Bleiberg  and  Baibl  in  Garinthia,  as  also  at  Freiburg  in  Breisgau,  at  R^ 
binya  in  Hungary,  Tamowitz  in  Silesia,  and  in  the  neighbourhood  of 
Aix-la-Ghapelle.  Goncentric  botryoidal  masses  are  also  found  in  the 
Mendip  Hills,  and  at  Wanlockhead  in  Dumfriesshire.  Pseudomorphous 
crystals  of  the  same  substance  occur  in  some  parts  of  Derbyshire,  and  at 
Schemnitz  in  Hungary.  Before  the  blowpipe  it  decrepitates,  intumesces^ 
and  loses  its  transparency.  When  reduced  to  fine  powder,  it  is  soluble 
in  hydrochloric  and  sulphuric  acids  on  the  application  of  a  gentle  heat, 
and,  on  cooling,  silica  is  deposited  in  a  gelatinous  state. 

Willkhitb;  Anhydrow  Silicate  of  Zinc  ;  TroottHe,  Bhombohedral. 
— ^This  mineral  occurs  in  minute  crystals,  massive,  disseminated  in  grains, 
and  fibrouSi  Lustre,  vitreo-resinous.  Golour,  whitish^  or  greenish- 
yellow,  to  green  or  brown,  when  impure;  streak  uncoloured;  trans- 
parent to  opaque;  specific  gravity,  3*89 — 4*27;  brittle,  with  sub- 
conchoidal  fracture. 
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The  following  aDalyses  of  specimens,  from  Stirling,  N.J.,  are  by 
Vanuxem  and  Keating,  who,  together,  first  described  this  mineral :— 


1. 

1 

a. 

SiO,. 

MmO,      .       .      .) 

FeaO,        .         .        . 
ZiiO. 

25  44 

6-60 

68-06 

25-00 

2-66 

•67 

71-83 

100-00 

99-66 

From  analyses  of  this  mineral  the  formula  2ZnO.Si02,  or  Zn98i04, 
may  be  deduced.  Willemite  occurs  at  Vieille-Montagne,  near  Moresnet, 
and  at  Stolberg,  near  Aix-la-Chapelle  ;  at  Baibl,  in  Carinthia ;  in  Servia, 
and  in  Greenland.  In  New  Jersey,  at  Franklin  and  Stirling,  it  occurs 
in  such  quantities  as  to  constitute  an  important  ore  of  zinc.  A  variety 
known  as  TroostUe  is  found  in  the  last-named  localities,  in  crystals  of 
as  much  as  6  inches  in  length  by  1  inch  in  diameter,  imbedded  in 
franklinite  or  calcite.  The  following  minerals,  although  interesting  to 
mineralogists,  are  not  found  in  sufficient  quantities  to  be  of  any  metal- 
lurgical importance  : — 

Sulphate  op  Zinc;  Goslarite;  White  vitriol;  Zinc  sulfate;  Oo^ 
larit  Rhombic— Its  formula  is  ZnCSOj-THjO,  or  ZnS04.7H,0.  It 
is  a  soluble  salt  of  a  white  colour,  and  is  usually  associated  with  blende, 
by  the  oxidation  of  which  it  is  probably  produced.  It  occurs  at  Holy- 
well in  Wales,  at  Goslar  in  the  Harz,  at  Fahlun  in  Sweden,  and  at 
Schemnitz  in  Hungary. 

OxTSULPHiDB  OP  ZiNc  ;  Voltzite  ;  Leberblende, — In  implanted  spheri- 
cal globules;  colour,  dirty  rose-red  to  yellow.  Its  composition  may 
be  expressed  by  the  formula  4ZnS.ZnO.  A  rare  mineral  occurring  at 
Pontgibaud  in  France,  Joachimsthal  in  Bohemia,  and  in  CornwalL 

A  hydrous  phosphate  and  an  anhydrous  sulphate  of  zinc  are  also 
stated  to  occur. 

Distribution  op  Zinc  Orbs. 

Of  all  the  minerals  containing  zinc  four  only  are  of  much  general 
importance  to  the  metallurgist ;  these  are  blende,  calamine,  and  the  sili- 
cates of  zinc.  These  ores  are  derived  from  two  distinct  sources,  namely, 
from  mineral  veins  and  from  irregular  deposits.  First,  those  which  occur 
in  the  older  formations  in  veins,  generally  associated  with  other  metallic 
sulphides ;  blende  is  the  most  abundant  ore  of  this  class.  The  second 
group,  which  includes  the  most  important  ores,  occurs  chiefly  in  calca- 
reous or  dolomitic  rocks,  often  belonging  to  the  Carboniferous  system. 
These  ores  are  usually  either  intercalated  with  the  strata,  or  occur  in  the 
form  of  irregular  masses.  By  far  the  largest  proportion  of  the  zinc  ore 
raised  in  Europe  is  obtained  from  Greece,  Germany,  Belgium,   Spain, 
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Sweden,  and  the  Island  of  Sardinia ;  that  produced  hj  other  countries 
being  comparatively  unimportant.  The  chief  deposits  of  Germany  are 
situated  in  Upper  Silesia,  some  also  occurring  in  the  Rhenish  provinces 
and  in  Westphalia.  The  most  important  Belgian  deposits  are  those  be- 
longing to  La  Yieille-Montague,  La  Nouvelle-Montagne,  and  the  Soci^t^ 
M^tallurgique  Austro-Belge.  The  Mineral  Statistics  for  1884  show  that 
the  quantity  of  zinc  ores  raised  in  the  United  Kingdom  during  that  year 
amounted  to  25,563  tons,  equivalent  to  9,919  tons  of  metallic  zinc ;  of 
this  quantity  5,364  tons  were  raised  in  England,  chiefly  in  the  counties 
of  Cornwall,  Devon,  Cumberland,  and  Salop ;  14,467  tons  were  obtained 
from  Wales,  chiefly  from  Denbighshire,  Cardiganshire,  Flintshire,  and 
Montgomeryshire.  The  Isle  of  Man  during  the  same  year  produced  5,685 
tons  ;  Ireland,  47,  and  Scotland  none.  The  principal  zinc-works  in  this 
country  are  situated  at  Swansea,  and  in  the  counties  of  Durham,  Denbigh, 
and  Flint  The  ores  treated  include  blende,  chiefly  obtained  from  various 
lead  mines,  together  with  calamine  and  silicate  of  zinc.  The  two  latter 
are,  for  the  most  part,  the  produce  of  foreign  mines,  considerable 
quantities  of  carbonate  being  imported  from  Spain,  Greece,  and  Sardinia, 
while  silicates  are,  to  a  small  extent,  derived  from  other  sources.  The 
United  States  of  America  annually  yield  large  quantities  of  zinc  ore. 

The  following  table  gives  the  production  of  spelter  (crude  zinc)  for 
the  several  years  indicated  The  data  relating  to  the  production  of  zinc 
in  Europe  are  those  of  M.  Saint-Paul  de  Sin^ay,  Director-general  of  the 
Yieille-Montagne  Co. ;  the  American  statistics  are  derived  from  official 
returns. 

Production  of  Spelteb. 


1860. 

I860. 

1870. 

1875. 

1880. 

Tons. 
65,487 

27,107 

44,690 
26,700 
4,000 
8,691 
3,000 
22,000 
4,463 
3,199 

1882. 

Upper  Silesia 
Rhenifth  Province  and 

Westphalia 
Yieille-Montagne 
Other  Belgian  Works 

Sod^     )  Spain 
Asturienne  (  France 
Other  French  Works 
England      . 
Poland 
Austria 

Totals  for  Europe  . 

Tons. 
40,854 

^         8,692 

28,926 
9,144 
1,777 

6*,i'04 
1,500 
1,600 

Tons. 
85,480 

16,647 

80,592 

18,485 

1,825 

"600 
6,528 
8.000 
1^000 

Tons. 
36,618 

18,006 

42,112 

14,476 

3,048 

"500 

16,000 

8,625 

1,000 

Tons. 
48,123 

25,896 

41,618 
18,886 
8,000 
6,311 
1,600 
16,908 
3,000 
1,000 

Tons. 
69,846 

35,546 

48,861 

85,625 

6,047 

11,428 

26i681 
4,544 
8,199 

97,896 

108.502 

185,285 

158,687 
14,345 

209.187 
21,064 

289,672 
30,691 

United  States  of  A 
Totals  for  the  Wor 

inerica  . 
Id  . 

178,032 

280,241 

270,263 
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Assay  of  Zinc  Ohes. 

The  zinc-yielding  materials  which  are  likely  to  come  under  the  notice 
of  the  metallurgist  may  be  classified  as  follows :  — 

1.  Ores  of  zinc  in  which  the  metal  exists  in  the  form  of  oxide,  un- 
combined  with  silica. 

2.  Ores  in  which  zinc  is  present  as  oxide,  but  wholly  or  in  part  com- 
bined with  silica. 

3.  Ores  in  which  this  metal  exists  wholly,  or  in  part^  combined  with 
sulphur. 

The  estimation  of  the  amount  of  zinc  contained  in  an  ore  of  that 
metal  may  be  effected  either  by  dry  or  by  humid  assay.  The  determi- 
nation by  the  former  method  is  a  troublesome  and  uncertain  process, 
since  zinc,  being  volatile  and  oxidi^able  at  high  temperatures,  cannot  be 
obtained  in  the  form  of  a  metallic  button,  as  in  the  case  of  the  more 
fixed  metals. 

FmB  Assay. — Ores  of  the  first  class,  being  readily  reducible,  only 
require  to  be  mixed  with  carbonaceous  matter  and  heated  to  whiteness 
in  a  porcelain  retort  The  metal  is  by  this  means  volatilized  and  con- 
denses in  the  neck  of  the  retort,  which,  during  the  operation,  most  be 
kept  open,  by  the  occasional  insertion  of  an  iron  rod,  since  otherwise  an 
explosion  might  ensue.  When  the  operation  is  completed,  which  is 
usually  the  case  in  about  an  hour,  the  retort  is  removed  from  the  fire  and 
laid  on  its  side  to  cooL  It  must  then  be  broken,  and  the  zinc  detached 
from  the  neck  as  completely  as  possible,  together  with  any  globules  which 
may  have  condensed  in  the  dome ;  this  separation  is  more  readily  effected 
if  the  neck  has  been  previously  coated  with  plumbago.  Any  zinc  which 
cannot  be  thus  mechanically  detached,  must  be  removed  by  immersing 
the  fragments  of  the  retort  in  hot  nitric  acid ;  the  solution  thus  obtained 
is  evaporated  to  dryness,  the  residue,  of  nitrate  of  zinc,  being  converted 
into  oxide  by  ignition.  This  is  weighed,  and  four-fifths  of  its  weight 
added  to  that  already  obtained  by  weighing  the  zinc  obtained  in  the 
metallic  state. 

Ores  of  the  second  class  are  likewise  reducible  by  carbon,  but  it  is 
found  desirable  to  add  some  base,  such  as  lime,  which  combines  with 
the  silica  set  free  on  the  reduction  of  the  zinc  oxide,  forming  with  it  a 
fusible  slag. 

Ores  of  the  third  class  must^  previously  to  treatment  by  the  same 
process  as  those  of  class  1,  be  subjected  to  careful  roasting  to  free  them 
completely  from  sulphur.  To  prevent  clotting,  the  temperature  must  he 
kept  low  during  the  first  portion  of  the  process,  but  must  be  considerably 
raised  towards  the  end,  in  order  to  insure  decomposition  of  any  sulphates 
which  may  have  been  formed. 

Humid  Assay.  By  Dipperbncb. — This  process  is  based  on  the  solu- 
bility of  zinc  oxide  in  solutions  of  ammonia  and  ammonium  carbonate, 
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and  it  not  suitable  for  ores  in  which  the  zinc  is  present  as  silicate,  upon 
which  the  above-named  reagents  have  but  little  effect.  On  this  account 
the  process  may  be  found  useful  in  determining,  approximately,  the 
amount  of  zinc  carbonate  present  in  an  ore  in  which  that  metal  also 
exists  as  silicate.  The  process  is  conducted  as  follows: — ^A  weighed 
quantity  of  the  ore  is  calcined  in  a  muffle  or  over  a  gas-flame  until  all 
volatile  matters  have  been  expelled.  The  calcined  ore  is  then  re- 
wei^ed,  placed  in  a  beaker  or  flask,  and  digested  for  about  half  an 
hour  with  a  solution  of  ammonia  and  ammonium  carbonate. 

The  insoluble  residue  is  collected  on  a  filter,  thoroughly  washed  with 
hot  ammoniacal  water,  dried,  ignited,  and  weighed.  This  weight  de- 
ducted from  that  of  the  calcined  ore  employed  gives,  by  loss,  the  weight 
of  zinc  oxide ;  from  which,  by  subtracting  one-fifth  for  oxygen,  we  get 
the  weight  of  zinc  present  as  carbonate  in  the  ore  operated  upon. 

If  the  ore  be  in  a  state  of  fine  division  and  tolerably  pure,  the  zinc 
oxide  may  be  almost  completely  extracted  by  ammonia  and  ammonium 
carbonate.  I^  however^  much  earthy  matter  or  oxide  of  iron,  more 
especially  the  latter,  be  present,  some  of  the  zinc  oxide  is  retained  in  the 
insoluble  residue.'  To  obviate  this  the  process  may  be  advantageously 
modified  as  follows : — After  calcination,  the  ore  is  treated  with  hydro- 
chlonc  acid  and  a  little  nitric  acid ;  to  the  solution  obtained  ammonia 
and  ammonium  carbonate  are  added  in  excess.  The  insoluble  residue, 
together  with  the  precipitate  of  ferric  hydrate,  <fec.,  is  collected  on  a 
filter,  washed  with  hot  ammoniacal  water,  dried,  ignited,  and  Weighed. 
The  difference  between  this  weight  and  that  of  the  calcined  ore  used 
indicates,  approximately,  the  quantity  of  zinc  oxide  dissolved.  By  this 
treatment^  not  only  the  zinc  originally  existing  as  carbonate,  but  also 
that  present  as  silicate,  is  removed ;  silicate  of  zinc  being  decomposed 
by  the  acids  employed. 

YoLUicsTRio  Absat. — ^The  volumetric  estimation  of  zinc  by  a  standard 
solution  of  sodium  sulphide  is  one  of  the  quickest  and  most  reliable 
methods  known,  aud  is  therefore  commonly  used  for  commercial  pur- 
poses. When  sodium  sulphide  in  solution  is  added  to  an  ammoniacal 
solution  of  zinc,  the  latter  metal  is  thrown  down  as  a  white  precipitate. 
By  using  a  standard  solution  of  sodium  sulphide,  the  quantity  of  zinc 
present  may  be  calculated  from  the  amount  of  the  solution  required  for 
its  precipitation.  Various  methods  have  been  employed  to  determine 
when  the  whole  of  the  zinc  has  been  precipitated,  the  following  being 
those  most  usually  resorted  to.  The  first  of  these  will  generally  be  found 
very  convenient. 

Flakes  of  freshly  precipitated  ferric  hydrate  may  be  produced  in  the 
ammoniacal  solution  of  zinc  by  the  addition  of  ferric  chloride ;  these  will 
retain  their  colour  until  all  the  zinc  has  been  precipitated,  but  will 
blacken  directly  the  sodium  sulphide  is  in  excess.  Or  a  drop  of  the 
zinc  solution  may  be  transferred,  by  means  of  a  glass  rod,  to  a  piece  of 
lead-paper,  when  the  presence  of  excess  of  sodium  sulphide  will  be  indi- 
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cated  by  the  blackening  of  the  paper.  Instead  of  this  a  drop  of  a  solution 
of  pure  nickel  sulphate,  or  lead  acetate,  may  be  placed  on  a  white 
porcelain  slab  and  touched  with  a  glass  rod,  which  has  previoasly  been 
dipped  into  the  zinc  solution.  If  there  be  any  excess  of  sodium  sulphide, 
a  black  precipitate  will  be  formed ;  if,  on  the  contrary,  a  portion  of  the 
zinc  still  remains  in  solution,  no  change  will  occur. 

The  preparation  of  the  necessary  re-agents  is  conducted  as  follows : — 

Ferric  Chknide  Soltdion, — 3  grammes  of  iron-wire  are  dissolved  in 
hydrochloric  and  a  little  nitric  acid,  and  the  solution  diluted  to  one  Htie. 
5  c.c  of  this  solution  will  contain  about  0  0 1 5  gramme  of  metallic  iron. 

Sdviion  of  Sodium  Sulphide, — About  100  grammes  of  crystallized 
sodium  monosulphide  are  dissolved  in  about  2^  litres  of  distilled  water. 
The  solution  should  be  either  filtered  or  decanted,  in  order  to  free  it 
from  any  black  precipitate  which,  in  small  quantities,  may  be  formed ;  it 
is  then  ready  for  use.  Standardization  is  effected  by  dissolving  two  or 
three  pieces  of  zinc,  each  weighing  about  0-5  gramme,  in  hydrochloric  acid 
containing  a  small  quantity  of  nitric  acid ;  each  solution  is  put  'into  a 
separate  flask  and  diluted  with  water  to  about  half  a  litre ;  ammonia  in 
excess  is  then  added.  Into  each  flask  5  c.c.  of  ferric*  chloride  solution, 
to  which  ammonia  has  been  previously  added,  are  introduced.  Solution 
of  sodium  sulphide  is  now  allowed  to  run  slowly  from  a  graduated  burette 
into  the  cold  ammoniacal  solution,  which  must  be  kept  in  constant 
motion,  until  the  zinc  is  completely  precipitated  and  the  ferric  hydrate 
is  blackened.  The  number  of  divisions  of  the  liquid  which  have  been 
run  into  each  flask  is  then  read  off,  and  the  mean  of  the  results  taken 
as  the  standard.  From  the  quantity  of  this  solution  required  to  precipi- 
tate a  known  weight  of  zinc,  the  weight  of  that  metal  which  each  c.c.  of 
sulphide  solution  will  precipitate  is  readily  found. 

When  sodium  monosulphide  is  unobtainable  about  300  grammes  of 
caustic  soda  may  be  dissolved  in  1  litre  of  water,  and  the  solution  divided 
into  two  equal  portions.  Through  one  of  these,  sulphuretted  hydrogen  is 
passed  to  saturation  ;  the  other  portion  of  the  solution  is  then  added,  and 
a  preliminary  trial  of  the  strength  of  the  mixture  is  made.  It  may  then 
be  diluted  to  approximately  the  required  strength,  and  standardized  in 
the  usual  way. 

Estimation  of  the  Zinc  contained  in  an  Ore. — From  0*5  to  2  grammes 
of  the  pulverized  ore  are  heated  with  hydrochloric  and  a  little  nitric 
acid,  a  large  excess  of  acid  being  avoided.  When  the  decomposition  is 
complete,  the  solution  is  somewhat  diluted,  and  ammonia  and  ammonium 
carbonate  added  in  excess ;  it  is  then  kept  at  a  gentle  heat  for  twenty  or 
thirty  minutes,  filtered  into  a  flask,  and  the  residue  on  the  filter  well 
washed  with  hot  ammoniacal  water.  To  the  ammoniacal  solution  5  ac. 
of  the  ferric  chloride  solution  should  be  added.  It  is,  however,  prefer- 
able first  to  add  ammonia  to  the  5  cc.  of  ferric  chloride  solution,  and 
then  to  pour  the  liquid  containing  precipitated  ferric  hydrate  into  the 
ammoniacal  zinc  solution  ;  this  mode  of  procedure  prevents  the  coagula- 


ZINC.  509 

tion  which  would  be  liable  to  occur  if  the  ferric  chloride  were  directly 
added.  When  the  solution  is  cold  the  sodium  sulphide  solution  is  gradu- 
ally run  in  from  a  burette,  until  the  zinc  is  completely  precipitated  and 
the  ferric  oxide  is  slightly  blackened.  The  number  of  divisions  of  the 
solution  run  in  is  now  read  off,  and  the  weight  of  zinc  which  that  quan- 
tity of  the  standard  solution  is  capable  of  precipitating  is  determined  by 
calculation  ;  the  result  being  the  quantity  of  zinc  contained  in  the  weight 
of  ore  employed.  During  the  addition  of  the  sodium  sulphide  solution 
the  contents  of  the  flask  must  be  kept  in  continual  agitation,  otherwise 
the  zinc  may  be  entirely  precipitated,  in  one  portion  of  the  solution,  and 
the  ferric  hydrate  blackened,  before  the  precipitation  of  the  whole  of  the 
zinc  has  been  effected.  Should  this  occur,  the  results  obtained  would  be 
entirely  unreliable. 

Ores  of  zinc  are  frequently  contaminated  by  the  presence  of  other 
metals,  which  would  vitiate  the  assay  unless  previously  removed 

Iron.  — When  this  metal  is  present  in  small  quantities  only,  the  assay 
may  be  made  without  filtration ;  it  is,  however,  preferable  to  filter  off  the 
ferric  hydrate  from  the  solution  of  zinc  in  ammonia  and  ammonium  car- 
honate,  and  to  add  to  the  filtrate  a  definite  amount  of  the  ferric  chloride 
solution.  When  the  quantity  of  iron  is  considerable  the  ferric  hydrate  is 
liable  to  retain  zinc  oxide  ;  in  this  case,  after  allowing  the  ferric  hydrate 
to  subside,  the  ammoniacal  solution  is  decanted,  and  the  former  again 
treated  with  ammonia  and  ammonium  carbonate  before  filtration. 

Manganese  is  sometimes  present  in  red  zinc  oxide,  &c  On  the  addi- 
tion of  ammonium  carbonate,  the  manganese  is  not  completely  separated ; 
but  its  complete  precipitation  may  be  effected  by  the  application  of  heat 
and  the  addition  of  a  few  drops  of  bromine  to  the  ammoniacal  solution. 
Copper,  if  present  in  small  quantities,  communicates  a  blue  colour  to 
the  solution ;  it  may  be  removed  by  the  addition  of  a  few  drops  of  sodium 
sulphide  solution  to  the  ammoniacal  zinc  solution,  whilst  hot,  until  the 
blue  colour  is  discharged.  The  precipitated  copper  must  be  separated  by 
rapid  filtration,  and  the  zinc  estimated  in  the  filtrate,  after  cooling,  in  the 
usual  manner.  If  copper  be  present  in  large  quantity,  the  ore  must  be 
treated  with  dilute  sulphuric  acid,  and  the  copper  thrown  down  by 
immersing  in  the  solution  a  clean  plate  of  iron.  The  precipitated  copper 
is  thrown  on  to  a  filter,  and,  if  necessary,  may  be  washed,  dried,  and 
weighed.  To  the  solution  a  small  quantity  of  nitric  acid  is  added,  to 
peroxidize  the  iron,  and  after  adding  ammonia  and  ammonium  carbonate 
the  assay  is  proceeded  with  in  the  usual  manner. 

Lead  and  Cadmium  do  not  interfere  with  the  accuracy  of  the  results, 
since  the  former  remains  partly  in  the  insoluble  residue,  as  sulphate,  and 
the  remainder  is  precipitated  on  the  addition  of  ammonium  carbonate, 
whilst  cadmium  is  insoluble  in  the  ammoniacal  solution. 

Silver  is  rarely  present  in  sufficient  quantity  to  interfere  with  the 
assay,  but  if  necessary  it  may  be  separated  by  filtering  the  dilute  solution 
of  zinc  oxide  in  hydrochloric  acid,  previous  to  adding  ammonia;  the 
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silver  will  thua  be  left  with  the  insoluble  residue  on  the  filter,  in  the 
form  of  chloride. 

METALLURGY  OF  ZINC. 

When  calamine  is  the  ore  operated  on,  it  is  first  submitted  to  calcina- 
tion, for  the  purpose  of  rendering  it  less  compact  and  more  readily  acted 
on  by  the  carbon  used  for  its  reduction,  while  at  the  same  time  carbonic 
anhydride  and  water  are  driven  off.  In  some  cases  the  larger  fragments 
of  ore  are  roasted  in  kilns,  the  calamine  being  interstratified  with  layers 
of  fuel.  A  modified  form  of  lime  kiln  having  an  independent  fire-place 
is  used  in  northern  Spain  for  this  purpose.  An  apparatus  of  this  descrip- 
tion will  yield  from  5  to  8  tons  of  calcined  calamine  in  twenty-four 
hours,  while  one  having  two  grates  will  calcine  as  much  as  10  tons, 
with  a  consumption  of  from  7  to  9  per  cent,  of  coal  This,  though  pos- 
sessing fewer  disadvantages  than  ordinary  kilns,  is,  nevertheless,  liable 
to  yield  a  product  of  which  the  degree  of  calcination  is  not  uniform. 

In  other  cases  the  calcination  is  conducted  in  reverberatory  fumaoes, 
but  the  ore  must  not  be  in  laige  fragments,  which  are  both  difi&cult  to 
turn  and  to  thoroughly  calcine.  The  furnaces  employed  are  of  the  ordi- 
nary reverberatory  description,  and  may  be  heated  either  by  an  inde- 
pendent fire-place  or  by  the  waste  gases  from  the  reduction-furnaces. 
When  the  latter  are  employed,  considerable  economy  of  fuel  is  the 
result,  but  the  draught  and  consequently  the  temperature  of  the  retorts 
nearest  the  calciner  are  liable  to  be  decreased. 

Silicates  of  zinc  are  not  always  calcined  previous  to  treatment  for 
the  metal  they  contain,  but  are  frequently  mixed  with  slaked  lime,  in 
addition  to  the  coal-dust  used  for  their  reduction. 

The  process  of  roasting  blende,  which  has  for  its  object  the  conversion 
of  zinc  sulphide  into  zinc  oxide  with  the  elimination  of  sulphurous  anhy- 
dride, is  by  no  means  so  easily  accomplished  as  the  calcination  of  cala- 
mine. When  blende  is  roasted  zinc  sulphate  is  formed,  and  this  can 
only  be  decomposed  by  a  strong  heat  Kilns  are  not  suitable  for  the 
roasting  of  blende,  but  they  are  occasionally  employed  for  a  preliminaiy 
heating  having  for  its  object  the  rendering  of  the  blende  more  friable. 
Boasting  can  only  be  satisfactorily  accomplished  after  the  blende  has 
been  reduced  to  a  uniform  coarse  powder. 

The  calcined  or  roasted  ore  is  reduced  to  powder  in  suitable  mills,  a 
coarser  powder  being  used  for  the  Silesian  than  for  the  Belgian  piocesa 
In  many  cases  roasted  blende  requires  no  further  crushing,  having  been 
ground  sufficiently  fine  previous  to  roasting.  The  calcined  ore  is  mixed 
with  a  proper  proportion  of  finely  divided  non-caking  coal,  by  which, 
when  strongly  heated,  the  production  of  metallic  zinc  is  determined 
The  reduction  of  the  oxide  is  effected  at  the  expense  of  the  carbon  pre- 
sent, carbonic  oxide  is  evolved,  and  the  metallic  zinc  liberated  is  con- 
densed in  proper  receivers  adapted  to  the  retorts  in  which  the  operation 
is  conducted. 
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English  Peocess. 

In  1721  Henckel  published  his  discovery  of  the  fact  that  zinc  could 
be  obtained  from  calamine,  and  in  1742  Van  Swab  extracted  it  from  its 
ores  at  Westerwick  in  Dalecarlia,  where  it  was  proposed  to  erect  works 
for  its  production  on  a  large  scale.  Dr.  Isaac  Lawson,  in  this  country, 
is  reported  to  have  first  invented  a  practical  method  of  extracting  zinc 
from  calamine,  and  to  have  erected  works  for  that  purpose.  According 
to  Pryce,  zinc-works  were  first  erected  at  Bristol  by  Mr.  John  Champion, 
to  whom  a  patent  appears  to  have  been  granted  in  1739. 

The  process  formerly  employed  in  this  country  for  the  reduction  of 
zinc  ores  is  known  as  distillation  per  deacensum,  and  was  conducted  in 
furnaces  in  many  respects  similar  to  those  used  in  glass-houses  for  the 


Fig.  147.— Engliflh  Zinc  Furnace ;  vertiafl  section. 

preparation  and  fusion  of  glass.  These  furnaces  were  either  square  or 
round  in  horizontal  section,  but  that  represented  in  fig.  147,  which  was 
usually  preferred,  has  the  latter  form.  The  fire-place,  F,  was  raised  to 
a  convenient  height  above  the  ground,  and  was  situated  in  the  centre 
of  the  arrangement.  Around  this  were  disposed  the  pots,  c,  which 
were  charged  with  the  mixture  of  ore  and  fine  coal  from  which  the  zinc 
was  distilled.  The  conical  hood  was  pierced  with  openings,  df,  corre- 
sponding to  each  pot,  through  which  the  charge  was  introduced.  The 
bottom  of  e^ch  pot  was  furnished  with  an  orifice,  which  was  stopped  by 
a  plug  of  wood ',  this,  being  converted  into  charcoal  during  the  process, 
was  rendered  sufficiently  porous  to  admit  of  the  passage  of  the  volatilized 
metal,  but  at  the  same  time  prevented  the  escape  of  the  small  coal  or 
calcined  mineral.  Each  pot  was  covered  by  a  lid  secured  in  its  place 
^y  a  luting  of  fire-clay ;  the  volatilized  zinc  was  condensed  in  a  sheet-iron 
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tube  fitted  beneath  the  opening  in  the  bottom  of  each  pot  These 
tubes  were  made  in  two  portions,  the  shorter  being  funnel-shaped  and 
so  arranged  that  it  could  be  raised  or  lowered  in  order  to  keep  the  flange 
at  its  upper  end  in  close  contact  with  the  bottom  of  the  pot  The 
longer  piece  of  tube  was  fitted  loosely  on  to  the  shorter,  but  was  not 
placed  in  position  until  the  zinc  began  to  distil  off.  The  condensed 
metal  fell,  in  the  form  of  drops,  into  an  iron  vessel,  r,  placed  for  its 
reception.  As  the  tubes  were  liable  to  become  choked  by  the  condensed 
metal,  it  was  necessary  to  clear  them  from  time  to  time  by  the  insertion 
of  a  long  iron  rod,  since  they  might  otherwise  become  entirely  closed, 
and  give  rise  to  explosions.  The  zinc  collected  in  the  form  of  drops 
and  fine  powder,  mixed  with  a  certain  proportion  of  oxide,  was  afterwards 
melted  in  an  iron  pot,  set  in  brickwork,  and  heated  by  a  fire  beneath. 
The  dross  which  collected  on  the  surface  of  the  fused  metal  was  skimmed 
off  and  returned  to  the  pots  in  a  succeeding  operation,  while  the  zinc 
itself  was  cast  into  rectangular  slabs  or  ingots,  in  which  state  it  was  sent 
into  the  market  Five  distillations  were  made  by  a  furnace  of  this 
kind  in  fourteen  days,  in  the  course  of  which  5  tons  of  calcined  ore  \rere 
treated,  yielding  about  40  cwts.  of  metal.  About  25  tons  of  a  mixture 
of  binding  and  free-burning  coal  were  employed  in  the  extraction  of 
1  ton  of  metallic  zinc  The  duration  of  each  pot  was  calculated  at 
about  four  months ;  when  unfit  for  further  service,  they  were  removed 
through  apertures  made  in  the  surrounding  brickwork.  New  pots,  before 
being  set,  were  heated  to  redness  in  a  reverberatory  furnace,  and  carried 
to  their  places  by  a  large  pair  of  iron  tongs  slung  in  chains,  and  sup- 
ported by  a  traveller  similar  to  that  used  for  replacing  glass-house  pots. 
When  set  in  their  places,  the  brickwork  was  repaired  and  a  cover  fitted 
in  the  usual  way.  At  the  close  of  each  operation,  the  crucibles  were  dis- 
charged by  removing  the  condensing-pipe  from  the  bottom,  and  with- 
drawing the  residue  through  the  aperture,  after  breaking  with  a  rake 
the  charcoal  by  which  it  was  partially  closed  during  the  process  of  dis- 
tillation. Any  cracks  which  might  occur  in  the  pots  during  the  process 
were  stopped  with  fire-clay. 

The  consumption  of  fuel  in  this  apparatus  was  too  large  in  proportion 
to  the  amount  of  metal  obtained  to  enable  it  to  compete  with  the  Bel- 
gian and  Silesian  furnaces.  It  is  believed  that  the  English  zinc-furnace 
is  no  longer  anywhere  in  use,  although  it  was  seen  in  operation  by  Dr, 
Percy  so  recently  as  1859. 

Belgian  Process. 

Calamine,  which  also  occurs  abundantly  in  certain  Devonian  and 
Carboniferous  rocks  of  Belgium,  was  for  a  long  period  obtained  from 
deposits  at  Moresnet  in  the  neutral  territory,  and  was  employed  at  Stol- 
berg,  Li^ge,  Namur,  and  elsewhere  for  the  manufacture  of  brass  by 
cementation,  but  the  art  of  isolating,  on  a  commercial  scale,  the  peculiar 
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metal  which  by  uniting  with  copper  transformed  it  into  brass  remained 
tmknown. 

In  the  year  1805,  however,  the  Abb^  Dony,  who  does  not  appear  to 
have  been  acquainted  with  what  had  been  done  by  others  in  the  same 
direction,  accidentally  produced  this  metal  When  endeavouring  to 
extract  zinc  from  calamine,  by  fusion  in  a  reverberatory  furnace,  it 
occurred  to  iiim  that  the  heat  applied  was  probably  not  sufficiently 
great,  and  he  consequently  added  coal-dust  to  the  mineral.  He  also 
built  into  the  side  of  his  furnace  an  ordinary  flower-pot  to  serve  as  a 
peep-hole  through  which  he  might  watch  the  various  changes  taking 
place  in  the  interior.  On  the  inside  of  this  flower-pot,  which  was  con- 
siderably cooler  than  the  furnace  itself,  drops  of  condensed  zinc  began 
plentifully  to  appear^  and  the  method  of  extracting  this  metal  by  distil- 
lation from  a  mixture  of  calamine  and  coal-dust^  by  the  Belgian  process, 
was  thus  established. 

In  the  year  1810  the  Abb^  Dony  associated  himself  with  a  M. 
Chaulet,  and  erected  small  works  at  Li^ge,  but  in  1818  they  found 
themselves  completely  ruined,  and  were  obliged  to  dispose  of  their 
establishment  to  Dominique  Mosselman,  whose  representatives  in  1837 
founded  the  Vieille-Montagne  Company. 

The  first  furnaces  erected  at  li^ge  contained  each  16  retorts  ot  pots, 
which  number  was  afterwards  increased  by  Mosselman  to  20.  The 
charge  of  such  a  furnace  was  500  kilos.,  and  the  production  of  metal 
200  kilos,  per  diem.  In  1840  it  was  considered  a  great  improvement 
bad  been  made  by  arranging  these  furnaces  in  blocks  of  four,  each  con- 
taining 48  pots,  and  obtaining  a  daily  production  of  from  250  to  300 
kiloa  At  the  present  time,  with  about  the  same  consumption  of  fuel, 
and  only  a  very  slight  increase  in  labour-cost,  the  large  furnaces  at 
Angleur,  which  are  the  direct  descendants  of  the  Dony  type,  yield  from 
1,300  to  1,400  kilos,  per  diem  from  each  face  containing  160  pots. 

Calcination  of  Ores. — Up  to  the  year  1857,  the  ores  treated  at  the 
various  Belgian  zinc-works  consisted  exclusively  of  calamine,  with  a 
certain  amount  of  silicate  of  zinc,  but  since  that  period  large  quantities 
of  blende  have  been  employed.  The  ores  at  first  tised  were  principally 
massive,  and  were  calcined  in  kilns  similar  to  those  constructed  for 
burning  lime,  but  when  poorer  material  was  enriched  by  crushing  and 
washing  it  became  necessary  to  employ  reverberatory  furnaces,  as  kilns 
are  not  suitable  for  the  calcination  of  finely  divided  stuff.  Calamine, 
when  heated,  loses  its  water  and  carbonic  anhydride,  and  is  converted 
into  zinc  oxide ;  hydrated  silicate  of  zinc  loses  its  water  only.  Blende 
is  transformed  by  roasting  into  oxide  of  zinc,  while  its  sulphur  passes  off 
in  the  form  of  sulphurous  anhydride.  Calamine  maybe  calcined  in  kilns 
with  an  expenditure  of  about  7  per  cent,  of  fuel,  but  in  the  reverberatory 
furnace  about  10  per  cent  of  the  weight  of  the  ore  will  be  required, 
and  the  total  cost  in  Belgium  amounts  to  about  4  fr.  50  c.  per  ton  of 
roasted  ore. 

2  K 
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Blende  is  roasted  in  reverbeiatory  furnaces,  which  are  usually  pio- 
yided  with  two  beds.  The  ore  to  be  calcined  is  first  finely  ground, 
and  then  spread  equally  over  the  surface  of  the  upper  bed,  whore  it 
remains  twenty-four  hours,  and  is  turned  over  from  time  to  time.  After 
the  withdrawal  of  the  former  charge  the  ore  on  the  upper  bed  is  trans- 
ferred to  the  lower  one,  where  it  is  frequently  turned  over  so  as  to 
expose  every  portion  of  it  to  the  air.  The  formation  of  zinc  sulphate  is 
to  be  as  much  as  possible  avoided,  and  for  that  reason  the  ore  should 
not  come  in  contact  with  an  unlimited  supply  of  air.  When  an  ore 
contains  pyrites  it  becomes  more  or  less  fusible,  and  great  care  is  neces- 
sary to  avoid  agglomeration.  In  order  to  decompose  any  sulphate  of 
zinc  formed  during  the  operation  it  is  necessary  that  the  chai^ge  should  be 
very  strongly  heated  before  drawing,  and  for  this  purpose  it  is  collected 
in  the  portion  of  the  furnace  lying  immediately  before  the  bridge.  This 
operation  is  somewhat  long  and  difficult,  but  as  the  presence  of  only  1  or 
2  per  cent,  of  sulphur  in  the  ore  causes  a  serious  loss  during  the  process 
of  reduction,  it  is  important  that  it  should  be  removed  as  completely  as 
possible.  The  consumption  of  fuel  is  about  one-fourth  the  weight  of  the 
ore  treated,  and  the  total  cost  is  estimated  at  15  f.  per  ton  of  roasted 
blende. 

Messrs.  Basenclever  and  Helbig  have  proposed  the  use  of  a  furnace 
by  which  a  portion  of  the  sulphur  in  the  blende  could  be  rendered  avail- 
able for  the  manufacture  of  sulphuric  acid,  but  it  does  not  appear  to  have 
been  generally  adopted.  When  silver  is  present  in  blende  it  is  to  a 
considerable  extent  carried  off  during  the  operation  of  roasting.  It  is, 
however,  stated  that  the  addition  of  lime  or  sodium  carbonate  to  the  raw 
ore  to  a  great  extent  prevents  this  loss. 

Pots  or  Eetorts, — It  is  as  important  that  zinc -works  should  be  so 
situated  as  to  command  a  good  supply  of  refractory  material  for  the 
manufacture  of  pots  and  fire-bricks,  as  that  they  should  be  in  the 
vicinity  of  cheap  coaL  The  clay  employed  must  be  very  refractory, 
and,  as  a  rule,  should  contain  but  little  free  silica ;  that  from  Andenue 
is  usually  preferred. 

The  pots  for  the  distillation  of  zinc  were  formerly  all  hand-made, 
but  are  now  manufactured  by  machinery,  by  which  they  are  not  only 
produced  at  a  cheaper  rate,  but  also  of  superior  quality.  A  mixture 
of  unburnt  and  burnt  clay  is,  after  drying,  ground  together  in  a  Yapart 
mill,  mixed  and  kneaded  in  a  horizontal  pug-tub,  and  finally  dehvered, 
by  an  endless  screw,  upon  the  moulding-table.  The  section  of  the  pots 
is  either,  round  or  elliptical,  and  they  are  made  by  forcing,  by  a  heavy 
rammer  worked  by  machinery,  the  prepared  clay  into  a  sheet-iron  mould 
of  the  proper  form,  opening  longitudinidly,  and  lined  with  wet  cam^as- 
In  this  way  a  sausage-shaped  mass  of  clay  is  obtained  1  *30  m.  in  length, 
which,  while  still  in  the  mould,  is  bored  by  machinery  to  within  0*03  tn. 
of  its  lower  end;  if  round,  the  interior  diameter  is  at  Anglear  016 
m.,  or  if  oval,  0*16  m.  x  0*20  m. ;  the  thickness  adopted  at  the  same 
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works  being  0*03  m.  The  mould  is  now  opened,  the  canvas  around  the 
outside  of  the  pot  removed,  and  the  pot  gradually  dried  so  as  to  he 
ready  for  delivery  to  the  zinc-furnace.  This  is  done  by  successively 
passing  it  through  a  series  of  stoves  of  which  the  temperature  pro- 
gressively increasea  Elliptical  pots  are  made  in  moulds  having  the  form 
of  their  exterior,  while  the  interior  is  cut  out  by  two  parallel  borings 
intersecting  one  another  throughout  their  whole  length. 

In  many  of  the  zinc-works  the  pots  are  now  made  by  hydraulic 
power,  and  are  much  more  compact  and  durable  than  those  prepared  iii 
any  other  way.  The  apparatus  employed  for  this  purpose  is  a  strong 
cast-iron  cylinder,  fixed  vertically,  of  which  the  interior  diameter  is  that 
of  the  exterior  of  the  pot  to  be  made.  In  this  is  an  annular  ram 
exactly  fitting  its  interior  surface,  while  within  it  is  a  cylindrical  ram 
liaving  the  dimensions  of  the  inside  of  the  pot  Both  these  rams  work 
from  the  bottom  upwards,  and  the  top  of  the  external  cylinder  is  closed 
by  a  cover  securely  keyed  in  its  place.  In  order  to  make  a  pot  with 
this  machine,  the  cover  is  removed,  the  two  rams  lowered  together  to 
a  proper  distance,  and  a  roll  of  day,  previously  prepared,  introduced. 
The  cover  is  now  keyed  in  its  place,  and  the  two  pistons  raised  so  as 
to  strongly  compress  the  clay.  By  a  proper  arrangement  of  the  taps,  the 
solid  ram  is  now  made  to  advance  by  increased  pressure,  displacing  the 
clay,  which,  having  no  escape,  forces  back  the  annular  piston  and  occupies 
its  place.  The  top  is  then  removed  and  the  annular  piston  raised,  press- 
ing the  pot,  which  can  be  cut  off  by  a  piece  of  wire  at  any  required 
length,  out  of  the  mould.  These  pots  are  usually  glazed  on  the  inside  by 
moistening  them  with  a  strong  solution  of  common  salt  before  firing. 

As  an  example  of  the  advantages  derived  from  machine-made  pots, 
in  addition  to  their  cheapness,  it  may  be  stated  that  the  consumption  of 
hand-made  pots  was  formerly  from  5  to  7  for  every  300  kilos,  of  zinc 
produced,  whereas  at  the  present  time  it  does  not  amount  to  much  more 
than  one-twentieth  of  that  proportion. 

Bedudion  and  DistiUaiion, — Zinc  oxide  is  reduced,  at  high  tempera* 
tures,  by  carbon  monoxide,  but  the  reverse  takes  place  at  a  red  heat ; 
metallic  zinc  reducing  carbon  dioxide  to  carbon  monoxide.  This  reaction 
gives  rise  to  a  certain  amount  of  loss,  which  is  reduced  to  a  minimum  by 
the  addition  of  a  large  excess  of  small  coal. 

At  a  red  heat  hydrogen  reduces  zinc  oxide  with  the  production  of 
watery  vapour,  but  the  reverse  reaction  may  take  place  at  the  tame 
temperature.  In  order  that  the  volatilized  zinc  should  remain  in  the 
metallic  state  it  is  necessary  it  should  be  carried  off  by  a  rapid  current  of 
hydrogen. 

Silicate  of  zinc  is  entirely  reduced  by  carbon  at  a  high  temperature, 
but  in  practice  this  ore  sometimes  yields  little  more  than  one-half  the 
metal  it  contains,  with  the  formation  of  a  mor»  acid  silicate.  To  obtain 
the  best  results  it  is  necessary  that  the  temperature  should  be  high  and 
the  heat  long  continued. 
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Zinc  being  a  volatile  metal,  it  is  always  obtained  by  distillation 
The  only  metallurgical  process  employed  is  the  reduction  of  zinc  oxide, 
or  silicate  of  zinc,  in  close  vessels  by  carbon.  A  white- red  heat  is 
necessary,  and  this  temperature  requires  to  be  kept  up  for  a  very  con- 
siderable time.  In  all  cases,  however,  the  reduction  is  imperfect,  the 
residues  sometimes  retaining  above  10  per  cent,  of  the  zinc  contained  in 
the  ores. 

The  Belgian  process  is  characterized  by  the  employment  of  distillatory 
apparatus,  consisting  of  fire-clay  tubes  or  pots  supported  at  their  two 
extremities  by  the  walls  of  the  furnace  in  which  they  are  enclosed  The 
general  arrangement  of  these  pots  is  shown  in  fig.  148.  The  pots,  a, 
have  a  length  of  from  1*20  m.  to  1*30  m,  with  an  internal  diameter 
of  from  0*16  m.  to  0*20  m.,  their  thickness  varying  from  0-025  m.  to 
0*040  m.     At  the  mouth  of  each  pot  is  placed  the  condenser,  consisting  of 

a  fire-clay  receiver,  6,  with 
an  enlargement  for  retain- 
ing the  liquid  zinc.  To 
this  is  attached  a  sheet- 
iron  drum,  c,  of  variable 
form,  which  is  pierced  at 
its  extremity  by  a  small 
aperture  admitting  of  the 
escape  of  the  gases  gene- 
rated     In   this  way  the 

ilg.  148,-R6tort.,  Receiver.,  and  Drum..  condenser  is  protected  fiom 

the  air,  which  would  otherwise  bum  a  portion  of  the  zinc  produced 

The  furnaces  are  usually  built  in  couples,  back  to  back,  the  refractory 
wall  between  the  two  being  common  to  both.  The  fire-chamber  is 
rectangular  with  vertical  sides,  and  encloses  a  large  number  of  pots  placed 
across  it  with  their  closed  ends  resting  upon  ledges  in  the  back  wall, 
while  their  mouths  are  supported  on  fire-tiles  resting  upon  longitudinal 
cast-iron  bearers  supported  at  intervals  by  vertical  pillars. 

In  this  way  the  front  of  the  furnace  is  divided  into  a  series  of  rec- 
tangular spaces,  each  of  which  encloses  one  or  more  pots ;  these  are  all 
slightly  inclined  from  behind  forwards.  The  heating  of  zinc-furnaces  is 
accomplished  in  various  ways.  Formerly  they  were  heated  by  fire-places 
situated  at  a  distance  of  about  a  metre  below  the  lowest  pots,  provided 
with  doors,  beneath  the  level  of  the  floor,  for  the  introduction  of  fuel 
The  cinders  fell  into  an  ash-pit,  and  were  removed  through  an  arched 
passage  constructed  for  that  purpose.  The  flame  passed  around  and  be- 
tween the  pots,  and  the  products  of  combustion  escaped  to  the  chimney 
through  channels  situated  above  the  arch  of  the  furnace. 

Furnaces  are  now  built  much  larger  than  formerly ;  at  Angleur,  where 
they  are  constructed  in  couples,  they  have  a  fire-place  at  each  end,  and 
contain  160  pots  on  either  side.  The  pots  in  the  bottom  row  are  not 
charged  with  ore,  but  are  left  open  at  the  end  and  perforated  with  holes 
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to  SHpply  heated  air  for  the  combustion  of  unconsumed  gases.  At  this 
establishment  the  three  lower  rows  of  working  pots  are  oval  and  placed 
with  their  longer  ag^es  in  a  vertical  position,  while  all  above  them  are 
cylindrical.  The  first  four  rows  of  pots  only  are  provided  with  wrought- 
iron  drums  on  their  condensers,  as  the  upper  ones  are  not  sufficiently 
heated  to  require  them. 

Since  the  introduction  of  gaseous  fuel  for  metallurgical  purposes,  gas- 
furnaces,  in  accordance  with  the  systems  of  Boetius,  Siemens,  and  others, 
have  been  applied  to  the  distillation  of  zinc  with  satisfactory  results. 
The  Boetius  furnace,  of  which  fig.  149  is  a  vertical  and  ^g.  150  a  transverse 
section,  from  an  excellent  article  on  zinc  by  M.  F.  de  Lalande,  published 
in  Wurtz's  *  Dictionnaire  de  Chimie,*  may  contain  147  pots  1*25  m.  in 
length  and  of  the  usual  diameter,  arranged  in  seven  rows  of  21  pots  each. 
The  furnaces  are  built  back  to  back  in  couples. 

The  cavity  of  the  furnace,  which  measures  7  metres  in  length,  2*50 
m.  in  height,  and  1*20  m.  in  depth,  is  heated  by  two  Boetius  gas  pro- 
ducers, A,  placed  at  its  two  ends.  The  depth  of  these  is  1  *20  m.,  and 
their  width  0'93  m.,  the  bottom  being  closed  by  parallel  inclined  fire- 
bars. The  fuel  is  charged  through  the  opening,  B,  and  the  producer  is 
constantly  kept  full  of  coal  up  to  the  charging-door.  The  supply  of  air 
is  regulated  by  horizontal  openings,  G.  The  gases  generated  enter  the 
furnace  through  the  vertical  openings,  D,  which  measure  horizontally 
0*95  X  0-30  m.  In  the  brickwork  are  built  channels,  E,  which  at  F  are 
in  communication  with  the  arched  chamber,  G,  and  at  the  other  ex- 
tremity are  connected  with  a  series  of  flues  constructed  in  the  brickwork 
below  the  pots.  The  cold  air  from  G,  passing  through  these  channels, 
becomes  heated,  and  escaping  into  the  vertical  flues  at  D,  meets  the  gas 
from  the  producers. 

In  order,  as  much  as  possible,  to  equalize  the  temperature  of  all  parts 
of  the  furnace  the  flame  which  circulates  around  the  pots,  I,  enters  the 
opening,  I,  and  passing  off  through  the  flue,  K,  the  products  of  combus- 
tion escape  through  the  chimney,  T.  A  second  portion  of  ignited  gas 
envelops  the  pots,  m,  passes  through  the  channels,  n,  beneath  the  pots, 
into  the  flue,  o,  and  escapes  to  the  chimney  through  the  arch,  P.  A 
third  portion  of  the  inflamed  gases,  rising  in  the  furnace,  passes  through 
the  channels,  q,  into  the  flue,  B,  and  thence  through  S  to  the  chimney,  T. 
It  must,  however,  be  remarked  that  the  products  of  combustion  escape 
at  a  very  high  temperature,  which  results  in  a  considerable  loss  of  heat. 
This  waste  heat  has  sometimes  been  employed  for  the  calcination  of 
calamine. 

At  one  of  the  works  belonging  to  the  Yieille-Montagne  Company, 
the  Boetius  furnaces  have  been  replaced  by  others  heated  on  the  Siemens 
principle,  but  without  the  use  of  regenerators  for  heating  the  air  and 
gas.  The  large  amount  of  oxide  of  zinc  deposited  in  the  flues  through 
the  breaking  of  pots  renders  the  use  of  the  hollow  brickwork  regenerator 
extremely  difficult;  the  gas  therefore  is  taken  directly  from  the  pro- 
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ducers,  while  the  air  is  heated  hj  being  forced  by  a  fan  throngh  channels 
constructed  in  the  brickwork  of  the  furnace. 


1 


Whatever  may  be  the  method  of  heating  employed,  the  process  of 
reduction  remains  always  the  same. 
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When  first  fired  the  apparatus  must  be  heated  very  slowly,  the  pots 
being  previously  introduced ;  those  required  to  replace  breakages  during 
the  progress  of  the  operations  are,  however,  supplied  from  a  special 
furnace  in  which  they  have  been  previously  heated  to  redness.  The 
calcined  ore  is  finely  ground  with  half  its  weight  of  a  non-caking  coal  in 
a  Yapart  or  other  suitable  mill,  and  introduced  into  the  pots  by  a  semi- 
cylindrical  iron  scoop.  The  charge  of  each  pot  consists  of  from  10  to  12 
kilos,  of  ore,  and,  in  order  to  charge  the  upper  rows,  the  workmen  stand 
upon  a  rough  wooden  table  placed  before  the  furnace  for  that  purpose. 
When  the  pots  have  been  charged  the  receivers  are  luted  into  their 
placesj  and,  if  necessary,  the  front  of  the  furnace  is  repaired  with  pieces 
of  brick  and  fire-clay.  The  sheet-iron  drums  are  not  added  until  after 
the  expiration  of  two  hours. 

About  this  period  zinc  vapours  begin  to  make  their  appearance,  and  to 
bum  with  a  brilliant  greenish  flame,  at  the  extremity  of  the  condensers. 
The  first  portions  of  zinc  which  distil  over  become  partially  oxidized, 
and  are  deposited  as  a  grey  powder  in  the  sheet- iron  drums;  subse- 
quently the  greater  portion  of  the  metal  condenses  in  a  liquid  form  in 
the  clay-condensers.  At  the  expiration  of  about  eleven  hours  the  opera- 
tion is  finished,  and  the  workmen  proceed  to  collect  the  last  portions  of 
metallic  zinc  For  this  purpose  the  sheet-iron  drums  are  removed,  and 
placed  with  their  mouths  downwards  to  prevent  the  ignition  of  the 
finely  divided  zinc  which  they  contain.  Then,  with  a  semicircular 
iron-rake,  the  liquid  metal  is  withdrawn  from  the  condensers  or  receivers 
into  ladles,  from  which  it  is  transferred  to  moulds,  where  it  is  cast  into 
ingots,  each  weighing  about  20  kilos.  The  metal  is  collected  either 
two  or  three  times  during  the  working  of  each  charge.  Finally  the 
condensers  are  removed  from  the  mouths  of  all  the  pots,  which,  after 
being  emptied  by  the  use  of  an  iron  scraper,  are  again  filled,  and  the 
operation  is  recommenced.  A  portion  of  the  pulverulent  zinc  collected 
in  the  iron  vessels  is  ground  with  oil,  and  afterwards  sold  as  a  pigment. 
Some  of  it  is  used  for  the  reduction  of  indigo,  or  for  the  preparation  of 
hyposulphite  of  sodium,  but  the  greater  part  is  mixed  with  coal-dust,  and 
returned  to  the  pots  for  the  purpose  of  being  converted  into  spelter. 
Two  workmen  are  required  for  charging  and  discharging  every  50  pots 
oonteined  in  a  furnace,  and  in  case  of  the  mouth  of  a  condenser  becoming 
obstructed  it  is  opened  by  the  introduction  of  a  heated  iron  rod.  The 
cost  of  treatment  varies  slightly  at  each  works,  but  may  be  taken  approxi- 
mately at  85  fr.  60  c.  per  ton  of  50  per  cent  ore  treated.  The  consump- 
tion of  fuel  varies  from  six  to  seven  times  the  weight  of  the  zinc  pro- 
duced, and  the  loss  of  metal  is  from  20  to  25  per  cent,  of  that  contained 
in  the  ora 

The  principal  seats  of  the  zinc  manufacture  in  the  United  States  are 
at  Newark,  New  Jersey;  Lasalle,  Illinois;  Lehigh,  Pennsylvania;  in 
Kansas,  and  at  St.  Louis  and  Carondelet,  in  Missouri.  The  calcination 
of  calamine  iff  chiefly  effected  in  kilns,  and  that  of  blende  in  reverberatory 
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furnaces.  The  reduction  of  the  calcined  ores  is  in  all  cases  effected  in 
furnaces  of  the  Belgian  type,  anthracite  being  the  fuel  generally  used. 
This  is  either  burnt  directly  or  in  gas-producers,  with  or  without  r^ne- 
rators.  The  largest  furnace  in  America,  containing  408  pots  fired  by  gas 
without  regenerators,  is  at  Matthiessen  and  Segeler's  Lasalle  Works. 

The  average  consumption  of  coal  in  producing  one  ton  of  zinc  at  the 
different  American  works  varies  from  6*7  to  7*4  tons,  of  which  from  4*5 
to  5*5  tons  are  burnt,  and  1*2  to  1*9  ton  added  to  the  charges  of  ore  in 
the  pots. 

Zinc  White, — Zinc  white,  which  of  late  years  has  been  much  em- 
ployed as  a  pigment  instead  of  white  lead,  is  prepared  either  by  the 
combustion  of  metallic  zinc,  or  directly  from  ores  of  that  metaL  This 
substance  possesses  the  advantages  over  white  lead  of  being  comparatively 
innocuous,  and  of  not  becoming  discoloured  when  exposed  to  an  atmos- 
phere of  sulphuretted  hydrogen. 

When  made  directly  from  zinc  the  metal  is  heated  in  properly  con- 
structed vessels  to  near  its  point  of  ebullition,  when  it  takes  fire  and  is 
gradually  converted  into  a  flocculent  white  oxide,  which  is  carried  off  bj 
an  artificially  produced  current  of  air  through  large  sheet-iron  tubes  into 
a  series  of  chambers  divided  by  partitions  of  cotton  cloth..  By  this 
treatment  the  oxide  is  subjected  to  a  mechanical  classification  which 
separates  the  coarser  particles  from  the  finer.  Theoretically,  100  parts  of 
zinc  should  yield  125  parts  of  zinc  oxide. 

In  the  United  States  of  America  the  manufacture  of  zinc  white  is 
generally  earned  on  by  what  is  known  as  the  Wetherill  process.  This 
consists  of  heating  finely  crushed  zinc  ore,  which  may  be  mixed  with 
Franklinite  and  silicates  from  New  Jersey,  calamine,  or  roasted  blende, 
mixed  with  limestone  and  small  coal,  upon  the  bed  of  a  muffle-shaped 
furnace.  This  mixture,  which  forms  a  stratum  a  few  inches  in  depth,  is 
spread  upon  a  layer  of  coal  on  a  cast-iron  plate  perforated  with  numerous 
holes,  through  which  air  at  a  low  pressure  is  introduced  by  a  fan  blower. 
The  zinc  thus  reduced  rises  in  the  state  of  vapour  together  with  the 
furnace  gases,  consisting  chiefly  of  carbon  dioxide,  but  when  these  have 
somewhat  cooled  down,  the  zinc  is  re-oxidized  partly  at  the  expense  of 
carbon  dioxide,  which  becomes  reduced  to  monoxide.  The  zinc  oxide, 
in  the  form  of  a  fine  white  powder,  is  carried  through  a  system  of 
chambers  in  pipes  to  which  coarse  cotton-cloth  sacks  are  attached.  These 
act  as  filters,  through  which  the  gaseous  products  of  combustion  readily 
find  their  way  into  the  atmosphere. 

SiLESiAN  Process. 

In  Upper  Silesia,  where  large  quantities  of  zinc  are  produced,  the 
apparatus  employed  differs  materially  from  that  used  for  the  Belgian  pro- 
cess.   Its  form  will  be  understood  by  reference  to  figs.  161, 152,  and  153,* 

1  From  Percy's  '  Metallurgy/  by  permission  of  the  author. 
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-which  represent  a  furnace  erected  some  years  since  at  liansamlet,  near 
Swansea. 

The  bed  is  flat,  horizontal,  and  very  nearly  square ;  on  each  side  of 
it  rise  six  similar  and  equal  arched  recesses,  a,  fig.  153.  In  front  is  [a 
-vertical  wall,  6,  in  which  is  the  fire-hole,  c,  fig.  152 ;  at  the  back  there  is 
a  similar  wall,  d,  behind  which  rises  the  stack,  e  ;  the  furnace  is  covered 
by  an  arch,  /,  extending  from  side  to  side.  Below  the  fire-place  is  an 
arched  passage,  g,  which  serves  for  the  admission  of  air  to  the  fire,  and 
allows  the  stoker  to  get  ready  access  to  the  grate.  The  vertical  partitions, 
7»,  are  made  of  large  single  fire-tiles.  A  series  of  rectangular  niches,  i 
(fig.  153),  correspond  with  the  lateral  arched  recesses  in  the  upper  part 
of  the  furnace ;  these  are  covered  by  cast-iron  plates,  with  the  exception 


Fig.  151.~Sile8iau  Ziuc-Funiace, 


let ;  longitudinal  aection. 


of  a  small  opening,  through  which  the  iron  adapters  of  the  retorts  pass 
into  the  niches  below.  Flues,  I,  fig.  151,  153,  pass  along  the  top  of  the 
furnace  at  each  side,  communicating  with  the  stack,  e,  at  the  back. 
These  are  covered  with  flat,  movable  tiles,  and  communicate  with  the 
interior  of  the  furnace  by  smaller  flues,  m.  The  course  taken  by  the  pro- 
ducts of  combustion  in  passing  to  the  stack  is  indicated  by  the  arrows. 

This  furnace  is  built  of  common  brick  lined  with  fire-brick,  the  whole 
being  held  together  by  iron  bracings.  In  each  arched  recess  are  placed 
two  retorts,  A  (fig.  152),  the  open  spaces  around  them  being  filled  in  with 
pieces  of  brick,  well  plastered  over  with  clay,  to  prevent  the  admission  of 
air.  During  the  working  of  a  charge,  each  recess  is  closed  by  a  movable 
sheet-iron  plate,  in  which  is  a  small  peep-hole  closed  by  a  slide ;  the  tem- 
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perature  is  thns  kept  sufficiently  high  to  prevent  the  solidification  of  zinc 
in  the  nozzles.  The  condensed  zinc  is  conveyed  by  adapters  into  the 
recesses,  t,  where  it  is  received  in  iron  trays.  The  retorts  or  muffles,  which 
are  each  about  d  feet  in  length,  are  made  of  a  mixture  of  Stourbridge 
clay  and  the  powder  of  old  glass-pots,  from  which  the  vitreous  matter  has 
been  removed  previously  to  grinding.  This  mixture,  suitably  moistened, 
is  tempered  by  working  with  a  heavy  rammer ;  and  after  being  allowed 
to  stand  for  a  few  days  may  be  formed  into  retorts  in  moulds,  capable 
of  being  divided  longitudinally  into  pieces.  The  walls  are  made  thicker 
towards  the  end  furthest  from  the  nozzle,  as  will  be  seen  by  reference 
to  A,  fig.  155.     Each  retort,  after  being  aiiniried  during  about  three 


.  Fig  152.~8ile8Uii  Zinc-Furnace, 


;  horlsontal  aection. 


months,  is  strongly  fired  in  an  oven,  heated  either  by  a  separate  grate  or 
by  the  waste  heat  from  a  distilling  furnace,  and  is  then  ready  for  use. 
The  opening,  n,  figs.  154, 155,  serves  for  the  introduction  and  dirawing  of 
charges.  This,  while  the  furnace  is  in  operation,  is  kept  closed  by  a 
luted  tile.  On  each  side  of  the  mouth  of  the  retort  is  a  projection,  o^ 
supporting  a  bridge-piece,  on  which  rests  the  clay  nozzle,  p,  which  is 
provided  with  an  opening,  q,  closed  during  the  working  of  the  apparatus 
by  a  luted  door,  through  which  an  iron  rod  may  be  introduced  for  the 
purpose  of  clearing  the  nozzle  from  condensed  zinc.  To  the  clay  nozzle,  pi 
a  pipe,  r,  is  fitted,  and  to  this  is  attached  a  wrought-iron  adapter,  i. 

Instead  of  the  nozzles  and  adapters  above  described,  the  retorts  used 
for  the  distillation  of  zinc  by  the  Silesian  process  are  now  generally 
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furnished  with  condensers  of  fire-clay  and  drums  of  sheet-iron  similar  to 
those  employed  for  the  pots  of  the  Belgian  furnace. 

A  new  furnace  requires  first  to  he  air-dried  for  several  days,  and  then 
heated  hy  a  gentle  fire ;  after  some  time  the  mufiles  are  placed  in  position, 
their  sides  heing  protected  from  the  flame  hy  temporary  walls.     All 


Fig.  108. — Sileaian  Zinc-Furnace,  Llansamlet ;  transverse  section. 

openingsl'are  now  closed,  and  the  heat  is  gradually  raised,  until,  after  seven 
or  eight  days,  the  furnace  has  hecome  sufficiently  hot  for  charging.  The 
protecting  walls  are  now  removed^  and  the  spaces  hetween  the  muffles 
and  the  openings  in  the  front  are  closed  hy  pieces  of  hrick  plastered  with 
clay.     Three  or  four  light  charges  are  worked  off  before  the  retorts  are  in 


Fig.  154. 


Fig.  156. 


a  condition  to  receive  full  ones ;  new  retorts  always  absorb  a  considerable 
quantity  of  zinc. 

The  ore  treated  in  these  furnaces  is  either  blende  or  calamine ;  in 
either  case  it  is  previously  Calcined.  When  the  former  is  used,  it  is  in 
the  state  of  a  fine  powder,  whilst  the  latter  is  introduced  into  the  retorts 
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in  pieces  of  nearly  the  size  of  peaa  The  charge  for  a  famace  containing 
twenty-four  retorts  consists  of  about  1,500  lbs.-  of  calcined  ore,  togethei 
with  100  to  150  lbs.  of  skimmings  or  dross,  and  about  7  cwts.  of  a  miztuie 
of  coal  and  the  fine  cinders  which  fall  through  the  bars  of  the  gnte. 
This  mixture  is  not  equally  distributed  amongst  the  retorts,  those 
nearest  to  the  grate  receiving  a  somewhat  larger  amount  than  those 
further  removed  from  it.  Before  charging  a  furnace  which  is  in  regular 
work,  the  clay  door,  n,  beneath  the  nozzle,  is  removed,  as  also  is  that 
closing  the  orifice,  q;  the  spent  charge  is  then  raked  out,  and  the  nozzles 
freed  from  any  condensed  zinc.  The  retorts  are  re-charged  through  the 
orifice,  n,  by  the  aid  of  a  sheet-iron  scoop  ;  the  cleaning  and  re-chaiging 
usually  occupies  from  three  to  four  hours,  two  men  being  employed  in 
the  operation.  Before  and  during  the  time  of  charging,  the  fire  is  allowed 
to  bum  somewhat  low,  but  afterwards  the  heat  is  gradually  raised  nearly 
to  incipient  whiteness.  When  a  furnace  has  been  charged  and  all  leaks 
have  been  stopped,  one  man  only  is  required  to  look  after  it  and  attend 
to  the  firing  during  the  night.  A  uniformly  high  temperature  must  be 
kept  up,  and  the  condensers  require  frequent  attention,  since,  should  they 
get  too  hot,  the  zinc  in  them  would  take  fire;  when  this  occurs,  the  doors 
closing  the  recess  must  be  taken  down,  and  not  replaced  until  the  tem- 
perature has  become  sufficiently  lowered.  On  the  other  hand,  should 
the  condensers  get  too  cold  the  zinc  in  them  solidifies,  and  must  be 
removed  by  the  introduction  of  a  heated  iron  rod.  A  considerable  loss 
of  zinc  is  sometimes  occasioned  by  cracks  in  the  retorts ;  these  must  be 
immediately  stopped  by  brushing  them  over  with  a  mop  previously 
dipped  into  a  mixture  of  water  and  fire-clay. 

The  ore  treated  at  Llansamlet  was  an  argentiferous  blende,  very  finely 
ground,  and  subjected  to  a  careful  roasting  during  twenty-four  hours ; 
the  silver  was  extracted  by  a  special  process,  and  from  the  residue  zinc 
was  distilled 

The  loss  experienced  during  the  calcination  of  the  ore  and  the 
reduction  of  the  zinc  to  the  metallic  state  is  said  to  have  been  unusuaUy 
small ;  the  greater  portion  of  the  zinc  lost  being  retained  in  the  residues. 
At  the  Llansamlet  Works  11 J  tons  of  coal  were  necessary  for  the  pro- 
duction of  1  ton  of  zinc,  at  a  cost  for  labour  of  about  2s.  8d.  per  cwt  of 
the  metal  obtained.  This  must,  however,  vary,  since  a  given  weight  of 
zinc  can  be  more  cheaply  extracted  from  a  rich  ore  than  from  a  poor  one. 

A  furnace  may  be  kept  in  continuous  operation  from  twelve  to  thir- 
teen months,  at  the  expiration  of  which  time  it  requires  to  be  let  out  for 
repairs.  Every  four  years  each  furnace  must  be  taken  down  as  far  as  the 
grate,  and  rebuilt. 

The  zinc  obtained  by  this  process  required  to  be  re-melted  before  it 
was  ready  for  the  market.  It  was  fused  in  an  iron  pot  set  in  brickwork 
over  a  properly  constructed  fire-place ;  this  pot  usually  contained  about 
8  cwts.  of  metal,  which  was  melted  down  in 'from  half  to  three-quarters 
of  an  hour,  the  surface  being  covered  with  a  mixture  of  oxide  of  ziflc 
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and  finely  divided  metallic  zinc.  This  was  skimmed  off  and  added  to 
the  next  charge  to  be  again  subjected  to  distillation.  The  zinc  obtained 
-was  tolerably  free  from  .impurities,  with  the  exception  of  lead,  which 
may  to  a  considerable  extent  be  separated  by  allowing  the  fused  metal 
to  cool  nearly  to  its  solidifying  point  before  being  laded  into  moulds ; 
the  lead,  on  account  of  its  higher  specific  gravity,  thus  falls  to  the 
bottom,  and  the  greater  portion  of  it  will  be  found  in  the  last  ingot 
The  ingots  containing  lead  were  put  aside  until  a  sufficient  number  had 
accumulated,  when  they  were  re-melted  and  the  heavier  metal  allowed 
to  settle.  In  Silesia  the  crude  zinc  is  melted  in  clay  vessels,  in  order 
that  it  may  not  be  contaminated  by  contact  with  iron. 

Modem  Silesian  zinc-furnaces  are  frequently  heated  by  gas  and  pro- 
vided with  regenerators  in  accordance  with  the  Siemens  system.  In 
such  cases  the  brickwork  of  the  regenerators  is  built  unusually  open  to 
allow  for  the  deposit  of  zinc  oxide,  which  always  takes  place  in  them 
sTom  the  breaking  of  retorts.  The  newer  furnaces  likewise  often  contain 
two  series  of  retorts  placed  one  above  the  other. 

The  ore  is  less  finely  ground  than  for  the  Belgian  process,  and  is 
mixed  with  only  one-third  its  weight  of  coal-dust.  The  operation  usually 
lasts  twenty-four  hours,  but  sometimes  extends  over  a  longer  period. 
With  the  old  system  of  heating  by  coal  the  retorts  lasted  from  forty  to 
forty-five  days,  but  in  furnaces  for  which  gas  is  employed  their  average 
duration  is  seventy-five  days. 

The  cost  of  treating  1  ton  of  roasted  ore  may  be  reckoned  at  75  f. 
50  c.,  but  the  loss  of  metal  is  said  to  be  slightly  greater  than  with  the 
Belgian  furnace.  The  Silesian  process  is  specially  adapted  for  the 
treatment  of  poor  zinc  carbonates. 

A  large  portion  of  the  zinc  annually  produced  is  employed  in  the 
form  of  thin  sheets.  For  this  purpose  it  is  necessary  to  re-melt  the 
ingots,  obtained  by  the  treatment  of  zinc  ores  as  above  described.  This 
is  effected  in  a  reverberatory  furnace  with  an  elliptical  hearth,  having  a 
slight  inclination  towards  one  side.  At  the  lowest  point  of  the  hearth  is 
a  hemispherical  reservoir  in  which  the  fused  metal  is  collected;  the 
ingots  to  be  re-melted  are  introduced  through  one  of  the  doors  and  piled 
near  the  fire-bridge  on  the  highest  part  of  the  hearth.  The  fused  zinc  is 
dipped  out  of  this  in  iron  ladles,  and  is  poured  into  moulds  which  give 
it  the  form  of  slabs  or  plates  suitable  for  rolling.  These  plates  are  sub- 
sequently re-heated  in  a  second  furnace  built  in  the  same  mass  of  brick- 
•wovk  as  the  firsts  and  heated  by  the  waste  gases  escaping  from  it.  Here 
they  are  elevated  to  a  temperature  not  much  exceeding  100*  C.,  at  which 
the  metal  is  most  malleable,  and  are  then  passed  through  the  rolling- 
mill,  by  which  they  are  reduced  to  the  form  of  sheets. 
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SODIUM. 

Sodium  was  first  isolated  by  Davy  in  the  year  1807.  It  has  a  high 
lustre  and  a  silvery-white  colour,  but  light  which  has  been  repeatedly 
reflected  from  bright  surfaces  of  this  metal  acquires  a  distincUy  rosy  tint 
Its  specific  gravity  at  15**  C.  is  0*985.  Sodium  is  soft  at  ordinary  tempera- 
tures, melts  at  97*6°  C,  and  oxidizes  in  the  air.  When  placed  on  the 
surface  of  cold  water  it  rapidly  decomposes  that  liquid,  but  seldom  takes 
fire  unless  the  movements  of  its  fragments  are  in  some  way  restrained. 
With  hot  water  it  instantly  takes  fire,  bums  with  a  bright  yellow  flame, 
and  a  solution  of  soda  is  the  result  Sodium  is  an  abundant  and  very 
widely  diffused  metal  occurring  in  vast  quantities,  as  chloride,  both  in 


Fig.  169.— Propanition  of  Sodium. 

rock-salt  and  in  sea-water,  besides  being  present  in  salt-lakes,  and  in  the 
waters  of  numerous  mineral  springs.  It  also  occurs,  though  less  plenti- 
fully, in  various  natural  deposits  in  the  form  of  sodium  borate,  sodium 
sulphate,  and  sodium  nitrate.  Glauberite,  a  natural  double  sulphate  of 
sodium  and  calcium,  forms  extensive  deposits  in  some  parts  of  Spain  and 
elsewhere,  while  many  common  and  abundant  minerals  contain  sodium  as 
one  of  their  essential  constituents ;  it  is  present  in  albite,  oligoclase,  and 
various  other  felspars,  as  well  as  in  natrolite,  analcime,  harmotome,  and 
other  zeolites.  Sodium  salts,  in  small  quantities,  are  present  in  coal,  and 
there  are  but  few  rocks,  either  eruptive  or  sedimentary,  which  do  not 
contain  traces  of  this  element. 
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METALLURGY  OF  SODIUM. 

By  Deville's  process,  by  which  the  most  satisfactory  commeTcial 
results  are  obtained,  the  preparation  of  sodium  is  conducted  in  an 
apparatus  of  which  fig.  156  is  a  longitudinal  section,  partly  in  elevation. 
The  retort,  a,  is  a  cast-  or  wrought-iron  tube  3  feet  9  inches  in  length, 
haying  an  internal  diameter  of  5^  inches  and  a  thickness  of  ^  inch,  covered 
exteriorly  with  clay.  This  is  charged  with  a  thoroughly  incorporated 
mixture  of  100  parts  dry  sodium  carbonate,  45  parts  of  finely-ground  coal, 
and  25  parts  of  chalk. 

The  receiver  is  a  small  cast-iron  box  opening  along  its  centre  and  kept 
together  by  wrought-iron  clamps ;  this  is  placed  vertically,  so  that  while 
the  uncondensed  products  of  distillation  escape  by  the  opening,  b,  into 
the  air,  the  condensed  sodium  flows  through  the  aperture,  b\  and  falls 
into  a  vessel,  c,  containing  naphtha  oiL^  The  charge  is  introduced  at  d, 
which  can  be  closed  by  a  luted  stopper,  in  the  form  of  cartridges  made 
up  in  thick  brown  paper,  so  that  when  exhausted  another  charge  may 
replace  it  without  delay.  The  mixture  employed  should  on  an  average 
yield  from  28  to  30  per  cent  of  sodium. 

If  the  process  has  been  conducted  satisfactorily,  the  metal  produced 
is  almost  chemically  pure,  but  nevertheless  small  quantities  of  somewhat 
impure  sodium  always  remain  adhering  to  the  surfaces  of  the  receivers. 
When,  therefore,  a  receiver  has  been  once  used,  it  should  be  opened  and 
well  scraped  before  being  again  employed.  The  impure  metal  thus 
scraped  from  the  receivers  is  collected  under  naphtha  and  added  to  a 
subsequent  charge  of  the  retort.  Lastly,  the  pure  metal  obtained  by 
distillation  is  melted  under  naphtha,  which  is  poured  off  as  soon  as  the 
sodium  is  thoroughly  liquid,  and  then  run  into  moulds. 

Sodium  is  principally  employed  in  the  preparation  of  aluminium,  and 
an  amalgam  of  this  metal  with  mercury  has  been  recommended  for  the 
treatment  of  certain  gold  ores. 

Potassium  is  prepared  nearly  in  the  same  way  as  sodium,  but  the 
retort  employed  is  usually  shorter  than  that  used  in  the  preparation  of 
the  latter  metal,  and  has  one  end  hermetically  closed.  The  required  heat 
is  very  considerable,  and  it  is  consequently  found  advantageous  to  sprinkle 
the  retort^  while  still  hot,  with  borax,  in  order  to  protect  it  from  oxida- 
tion. The  material  operated  on  is  either  a  mixture  of  charcoal  and 
potassium  carbonate,  obtained  by  calcining  argol  in  a  close  vessel, 
with  the  addition  of  a  little  chalk,  or  a  mixture  of  100  parts  potassium 
carbonate,  20  parts  of  carbon,  and  14  parts  of  chalk.  When  the  retort 
has  attained  a  red  heat  metallic  vapours  begin  to  be  given  off,  and  take 
fire  when  they  come  in  contact  with  the  air.  The  receiver  is  then  put 
on,  and  while  carbon  monoxide  bums  at  the  end  metallic  potassium  is 

^  Bottger  recommendB  for  this  purpose  a  saturated  solution  of  pure  naphthaline  in 
pelroleuiD. 
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condensed  within.  After  the  expiration  of  half  an  hour  the  receiver 
hecomes  filled  with  potassium,  and  is  cooled  in  a  hydrocarbon  bath,  while 
a  fresh  receiver  is  fitted  to  the  retort. 

The  crude  potassium  obtained  is  filtered  by  being  wrung  through 
a  cloth  saturated  with  naphtha^  heated  to  60"  C,  and  the  metal  thus 
separated  is  re-distilled  in  a  retort  provided  with  a  neck  dipping  into 
naphtha. 


ALITMINniNL 

Aluminium  is  a  white  metal,  possessing  a  colour  between  that  of 
silver  and  zinc  It  is  extremely  malleable  and  ductile,  and  does  not  require 
frequent  annealing  during  the  operations  of  rolling  or  drawing  into  wire. 
Its  specific  gravity  varies  from  2*56,  when  obtained  by  fusion,  to  2*67 
after  hammering.  The  melting  point  has  not  been  determined  exactly, 
but  is  estimated  at  about  600°  C,  between  that  of  zinc  and  silver. 
Aluminium  is  slightly  magnetic,  and  conducts  electricity  eight  times 
better  than  iron.  This  metal,  when  pure,  is  not  acted  on  by  moist  air, 
but  slowly  decomposes  steam  at  a  strong  red  heat ;  it  is  not  attacked 
by  cold  nitric  acid,  and  only  slowly  on  boiling ;  dilute  sulphuric  acid 
has  no  effect  upon  it,  but  it  is  readily  dissolved  by  hydrochloric  acid 
with  evolution  of  hydrogen.  It  is  not  attacked  by  sulphuretted  hydrogen 
or  even  by  sulphide  of  ammonium,  and  consequently  preserves  its  colour 
in  an  atmosphere  in  which  silver  would  rapidly  become  blackened.  The 
vegetable  acids  exert  no  perceptible  action  on  aluminium,  and  this  metal 
is  consequently  well  adapted  for  culinary  vessels,  particularly  as  any 
small  quantities  of  alumina  which  might  be  formed  would  be  perfectly 
innocuous.  The  hydrates  of  potassium  and  sodium,  in  a  state  of  fusion, 
do  not  act  upon  aluminium,  but  their  aqueous  solutions  dissolve  it 
readily  with  formation  of  aluminate  of  potassium  or  of  sodium  and 
evolution  of  hydrogen.  It  may  be  fused  without  any  kind  of  flux,  and 
may  be  readily  cast  into  any  required  form.  When  deposited  from  its 
solutions  by  electrolysis  at  low  temperatures,  it  crystallizes  in  octahedra 
which  appear  to  belong  to  the  cubic  system.  Aluminium  heated  in 
a  close  vessel  does  not  exhibit  the  slightest  tendency  to  volatilize;  it 
combines  with  sulphur  at  very  high  temperatures  only,  and  ia  acted  on 
but  slightly  by  ammonia.  Pure  aluminium,  even  at  high  temperatures, 
is  not  sensibly  affected  either  by  air  or  by  oxygen,  and  oxidizes  very 
slowly,  even  before  the  flame  of  the  oxy-hydrogen  blowpipe.  If,  how- 
ever, silicon  be  present^  the  metal  bums  rapidly,  with  formation  of 
silicate  of  aluminium.  Aluminium  may,  without  oxidation,  be  fused 
under  a  layer  of  nitre,  and  from  its  physical  and  chemical  properties  may 
be  regarded  as  occupying  an  intermediate  position  between  the  noble  and 
the  ordinary  metals.     Up  to  the  present  time  aluminium  has  not  found 
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the  eziensive  application  for  whicli  its  properties  would  appear  to  fit 
it  Its  chief  use  is  for  the  manufacture  of  aluminium  bronze,  and  for 
making  various  ornamental  objects. 

Although  minerals  containing  aluminium  are  perhaps  more  numerous 
and  abundant  than  the  ores  of  any  other  metal,  they  are  mostly  decom* 
posable  with  great  difficulty,  and  a  very  few  only  can  be  considered  as 
ores  of  aluminium.  These  are — Corundum  or  emery,  the  commoner 
form  of  native  aluminic  oxide;  bauxite,  a  natural  aluminic  hydrate; 
and  cryolite,  a  double  fluoride  of  sodium  and  aluminium,  which  is  found 
in  considerable  quantity  at  Arksut-fiord  in  Greenland,  and  contains  13 
per  cent  of  aluminium. 

The  estimation  of  aluminium  is  effected  by  the  method  already 
described  for  the  separation  of  alumina  in  the  analyses  of  iron  ores. 
It  is  invariably  weighed  as  Alfi^  which  contains  53*2  per  cent,  of 
aluminium. 

METALLURGY  OF  ALUMINIUM. 

This  metal  was  first  obtained  in  1827  by  Wdhler  in  the  form  of  a 
grey  powder,  by  the  reduction  of  its  chloride  by  potassium,  and  some 
years  later  he  succeeded  in  preparing  it  in  the  form  of  small  globules. 
The  reduction  of  this  metal  has  not  hitherto  been  accomplished  except  by 
the  aid  of  electrolysis,  or  of  one  of  the  metals  potassium  or  sodium,  which 
have  a  greater  affinity  for  chlorine  and  fluorine  than  has  the  aluminium 
with  which  they  are  in  the  first  instance  combined.  In  practice,  sodium 
is  invariably  employed  to  effect  this  decomposition,  partly  on  account  of 
its  greater  cheapness  and  steadiness  of  action,  and  partly  because  its  lower 
atomic  weight  enables  it  to  perform .  a  larger  amount  of  work  than  an 
equal  weight  of  potassium. 

Oersted  first  prepared  aluminium  chloride  by  exposing  an  intimate 
mixture  of  alumina  and  charcoal  at  a  high  temperature  to  the  action  of  a 
current  of  chlorine.  The  chloride  of  aluminium  formed,  volatilized,  and 
was  collected  in  a  suitable  receiver ;  this  he  mixed  with  potassium  apial- 
gam,  and  on  subjecting  the  mixture  to  heat,  potassium  chloride  was 
formed,  and  aluminium  combined  with  the  mercury;  this  last  was  expelled 
by  distillation,  and  a  button  of  aluminium  remained  behind.  The  method 
of  preparation  at  present  adopted  is  in  principle  the  same  as  that  employed 
by  Wohler,  and  depends  on  the  action  of  sodium  at  a  red  heat  on  the 
chloride  or  fluoride  of  aluminium,  or,  still  better,  on  the  double  fluoride 
of  aluminium  and  sodium. 

We  are  largely  indebted  for  our  knowledge  of  aluminium  to  H. 
Sainte-Claire  Deville,  whose  first  researches  were  published  in  1854.  The 
pTOoess  he  originally  employed  consisted  in  passing  the  vapour  of  chloride 
of  aluminium  over  metallic  sodium  maintained  at  a  red  heat  in  a  tube 
either  of  copper  or  iron.  Metallic  aluminium  was  thus  obtained,  mixed 
with  chlorides  of  aluminium  and  sodium,  which  were  removed  by  wash- 
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ing  with  hot  water.  The  globules  of  aluminium  were  consolidated  by 
heating  to  the  melting  point  and  applying  pressure.  The  metal  thus 
obtained  was  subsequently  re-melted  and  cast  into  bars. 

The  reduction  of  aluminium  may  be  effected  in  an  earthen  or  an  iron 
crucible  in  the  following  way :  40  parts  of  the  double  chloride  of  alumi- 
nium and  sodium,  20  parts  of  chloride  of  sodium,  20  parts  of  fluorspar 
or  cryolite,  the  latter  being  preferable,  all  finely  pulverized  and  perfectly 
dry,  are  placed  with  from  7^  to  8  parts  of  sodium,  in  alternate  layers,  in 
the  crucible,  and  the  whole  gradually  heated  until  reaction  begins  to  take 
place ;  the  heat  is  now  increased  to  bright  redness,  and  the  fused  mass, 
after  being  well  stirred  with  an  iron  rod,  is  poured  into  a  mould.  By 
this  process  four-fifths  of  the  aluminium  reduced  may  be  obtained  in  a 
compact  mass,  and  one-fifth  in  the  form  of  divided  globules  enclosed  in 
the  resulting  slag.  The  metal  thus  prepared  is  somewhat  contaminated 
by  silicon  derived  from  the  crucible,  which  is  more  or  less  attacked  by 
the  sodium  and  aluminium,  as  well  as  by  the  fluorides  present ;  this  may 
be,  to  some  extent^  obviated  by  lining  it  either  with  calcined  alumina 
or  with  aluminate  of  calcium.  When  iron  crucibles  are  employed,  the 
aluminium  produced  is  always  found  to  contain  a  certain  amount  of  that 
metal. 

When  large  quantities  are  operated  upon,  the  reduction  is  conducted 
in  a  reverberatory  furnace ;  a  mixture  of  10  parts  of  the  double  chloride 
of  aluminium  and  sodium  and  5  parts  of  either  fluor-spar  or  cryolite  is 
heated  with  2  parts  of  metallic  sodium.  The  double  chloride  and  the 
cryolite,  or  fluor-spar,  are  mixed  in  the  state  of  fine  powder  with  sodium 
in  small  ingots,  and  the  whole  is  charged  upon  the  bed  of  the  furnace, 
which  has  been  previously  heated  to  the  required  temperature.  An  intense 
reaction  takes  place,  a  large  amount  of  heat  being  developed,  and  the 
complete  liquefaction  of  the  mass  is  effected.  As  soon  as  the  reaction  ia 
complete,  the  furnace  is  tapped  in  the  usual  way  and  its  contents  run 
off  into  a  receiver  prepared  for  that  purpose.  The  slag  thus  obtained 
separates  into  two  layers,  of  which  the  upper  consists,  to  a  large  extent, 
of  common  salt^  while  the  lower  one,  which  is  less  fusible,  chiefly  consists 
of  fluoride  of  aluminium.  On  pulverizing  and  sifting  the  latter,  an  addi- 
tional amount  of  aluminium  is  obtained  in  the  form  of  flattened  shot ; 
the  fluoride  of  aluminium  may  be  subsequently  employed  for  the  prepara- 
tion of  alumina.  This  process,  which  was  patented  in  France  and  in  this 
country  by  MM.  Eousseau  Fr^res  and  M.  Paul  Morin,  is  advantageous, 
inasmuch  as  the  reduced  metal  is  but  little  contaminated  by  silicon. 
The  mixture  at  present  employed  in  the  works  at  Salyndres  in  France 
consists  of  double  chloride  of  aluminium  and  sodium  12  parts,  cryolite  5 
parts,  and  sodium  2  parts. 

The  double  chloride  is  obtained  from  bauxite  after  calcination  Mrith 
sodium  carbonate,  extraction  with  water,  and  evaporation  to  drynesa, 
which  gives  aluminate  of  soda  (SNa^O.AljOs).  This  is  converted  by 
hydrochloric  acid  into  alumina  and  sodium  chloride,  and  finally  into  the 
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double  chloride  by  mixing  tlie  latter  products  with  charcoal,  and  strongly 
heating  them  in  a  current  of  chlorine.  * 

In  preparing  aluminium  from  cryolite  (Na«Al2Fi2  or  QI^aF.AI^F^^ 
which  occurs  somewhat  abundantly  in  West  Greenland,  the  pulverized 
mineral  is  mixed  with  half  its  weight  of  common  salt,  and  the  mixture 
arranged  in  alternate  layers  with  sodium  in  an  earthen  or  iron  crucible ; 
the  proportions  employed  being  2  parts  of  sodium  to  5  of  cryolite.  A 
layer  of  pure  cryolite  is  placed  on  top,  and  the  whole  is  covered  with 
common  salt  The  crucible  and  its  contents  are  heated  until  complete 
fusion  of  the  mass  has  been  effected,  when  it  is  well  stirred  with  an  iron 
rod  and  set  aside  to  cool.  On  breaking  the  pot,  the  aluminium  will  be 
found  accumulated  at  the  bottom  in  the  form  of  large  globules,  which  are 
collected  and  re-melted.  This  is  the  process  as  originally  practised  by 
Professor  H.  Rose  in  Berlin,  and  by  Dr.  Percy  and  Mr.  A.  Dick  in  this 
country ;  and  subsequently  conducted  on  a  manufacturing  scale  by  MM. 
Tissier,  at  Amfreville,  near  Rouen. 

Aluminium  unites  readily  with  most  of  the  metals ;  with  zinc  and  tin 
it  forms*  brittle  alloys ;  with  iron  it  unites  in  all  proportions,  forming 
alloys  which  are  both  hard  and  brittle.  When  iioa  is  present  to  the 
amount  of  7  to  8  per  cent  its  alloys  crystallize  in  long  needles.  Alloyed 
with  even  a  small  proportion  of  silver^  aliuninium  loses  its  malleability. 
An  alloy  of  aluminium  with  3  per  cent  of  silver  is  employed  for  casting 
ornamental  articles ;  it  possesses  the  colour  and  lustre  of  silver,  and  is 
not  blackened  by  sulphuretted  hydrogen.  Aluminium-bronze  is  an  alloy 
of  aluminium  and  copper ;  it  has  the  colour  of  gold,  is  extremely  hard, 
and  takes  a  fine  polish.  It  is  very  malleable,  and  possesses  a  tenacity 
nearly  equid  to  that  of  mild  steeL 

In  Messrs.  Cowles'  process  of  making  aluminium  alloys  a  mixture  of 
emery,  carbon,  and  granulated  copper  is  subjected  to  the  current  of  a 
▼ery  powerful  dynamo-machine  in  a  horizontal  fire-brick  chamber,  whose 
ivalltf  are  protected  by  making  a  central  core  of  the  ore  and  coarsely 
powdered  gas  carbon,  while  the  sides  and  bottom  are  packed  with  fine 
charcoal  The  current  is  led  through  the  central  core  by  carbon  elec- 
trodes connected  with  the  ends  of  the  chamber.  When  the  furnace  is 
charged  it  is  covered  with  fire-clay  slabs,  with  perforations  for  the  escape 
of  gases,  and  luted  with  clay  at  the  jointa  A  few  minutes  after  starting 
the  dynamo,  carbonic  oxide  flames  stream  out  of  the  openings,  and  com- 
plete reduction  is  effected  in  about  an  hour.  The  product  is  a  rich 
aluminium-copper  compound,  from  which  the  ordinary  alloy  known  as 
aluminium-bronze  may  be  made  by  re-melting  with  the  necessary  amount 
of  copper. 
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MAGNESIUM. 

Magnesium  is  a  metal  of  a  silvery-white  colour,  malleable,  ductile, 
and  readily  filed  and  polished.  In  many  of  its  physical  and  chemical 
characteristics  it  closely  resembles  zinc,  near  the  boiling  point  of  which 
it  fuses,  and  at  a  somewhat  higher  temperature  can  be  distilled  in  an 
atmosphere  of  hydrogen. 

Its  specific  gravity  is  1 74,  it  crystallizes  in  octahedra,  and  its  hard- 
ness is  about  equal  to  that  of  calcite.  At  ordinary  temperatures  mag- 
nesium remains  unaltered  in  dry  air  or  oxygen,  but  in  a  moist  atmosphere 
it  quickly  becomes  covered  with  a  film  of  hydrate  of  magnesium.  Heated 
to  redness  in  the  air  it  takes  fire  and  burns  with  an  exceedingly  brilliant 
bluish-white  flame  with  production  of  flocculent  magnesia.  Heated  in 
watery  vapour  it  becomes  ignited,  decomposes  cold  water  slowly,  but 
caidulated  water  very  rapidly.  If  thrown  into  hydrochloric  acid  it  is 
ccted  on  so  energetically  as  to  cause  combustion,  although  strong  sulphuric 
acid  dissolves  it  slowly  with  evolution  of  sulphu^us  anhydride.  When 
heated  in  chlorine  gas  or  in  the  vapour  of  iodine  it  burns,  as  it  does  also, 
although  with  less  facility,  in  the  vapours  of  iodine  and  sulphur.  Mag- 
nesium likewise  unites  with  nitrogen,  forming  a  transparent  crystalline 
nitride  which  has  a  composition  represented  by  the  formula  MgsN,. 
Alkaline  and  ammoniacal  solutions,  when  cold,  have  no  action  upon  this 
metal. 

The  light  of  burning  magnesium  being  exceedingly  rich  in  chemical  i 
rays^  is  often  used  for  the  production  of  photographs  of  the  interior  of  I 
mines,  caves,  and  similar  places  inaccessible  to  the  sun's  rays.  For  this  I 
pjurpose  a  lamp  is  employed  which,  by  a  clockwork  arrangement,  supplies  I 
a  magnesium  ribbon  as  fast  as  it  is  consumed  in  the  focus  of  a  concave  | 
silvered  reflector. 

Magnesium  occurs  most  abundantly  in  serpentines  and  in  dolomite, 
which  is  a  double  carbonate  of  calcium  and  magnesium,  as  well  as  in 
various  complex  hydrated  ,and  anhydrous  silicates.  Brucite,  a  natural 
hydrate  of  magnesium  (MgHjO,),  is  found  associated  with  serpentine  in 
Shetland,  Sweden,  the  Urals,  &c.  Among  the  most  important  magnesium 
minerals  are  olivine,  augite,  hornblende,  talc,  meerschaum,  and  the 
principal  members  of  the  mica  group.  Magnesium  is  also  present  in  sea* 
water,  and  in  the  waters  of  numerous  mineral  springs,  as  well  as  forming, 
chiefly  in  the  state  of  carbonate  and  phosphate,  essential  constituents  of 
plants  and  animals. 

METALLURGY  OF   MAGNESIUM. 

By  the  process  of  Deville  and  Caron,  which  is  founded  on  the  reaction 
of  sodium  upon  chloride  of  magnesium  at  a  red.heat^  magnesium  may  be 
prepared  on  a  manufacturing  scale.  Chloride  of  magnesium  is  prepared 
by  the  method  adopted  by  Liebig,  which  consists  in  evaporating  together 
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a  solation  of  magnesium  chloride  and  eal-ammoniac.  The  dried  residue 
is  heated  in  a  crucihle  until  the  whole  of  the  ammoniacal  salt  has  been 
expelled  and  the  anhydrous  magnesium  chloride  has  become  fused.  It  is, 
however,  desirable  that  the  mixed  chlorides  should  be  treated  in  a  crueible 
which  has  been  previously  heated,  in  order  that  the  operation  may  occupy 
the  least  possible  time.  When  fused  and  in  a  perfectly  liquid  state,  the 
magnesium  chloride  is  poured  on  a  clean  plate  of  polished  iron,  leaving 
behind  in  the  crucible  a  skeleton  of  infusible  magnesia. 

Fluoride  of  calcium  is  employed  as  a  flux,  but  this  is  purified  before 
being  used.  Crystallized  fluor-spar  is  finely  powdered  in  a  mortar,  and 
subsequently  moistened  with  strong  sulphuric  acid,  which,  after  the  expi- 
ration of  several  days,  is  removed  by  repeated  washings  with  distilled 
water.  Silica  and  phosphoric  acid  are  thus  removed,  while  the  residue, 
after  having  been  heated  to  incipient  redness,  is  ready  for  use. 

To  obtain  magnesium,  150  parts  of  the  anhydrous  chloride  of  that 
metal,  120  of  purified  fluor-spar,  and  56  of  sodium,  dried  and  cut  into 
cubes  of  I  to  ^  inch,  should  be  intimately  mixed.  This  mixture  is  plaiced 
in  a  red-hot  clay  crucible  surrounded  by  incandescent  coke  in  an  ordinary 
wind-furnace,  and,  as  soon  as  it  has  been  introduced,  the  pot  must  be 
closed  by  a  cover,  kept  in  its  place  by  a  red-hot  fire-brick,  as.  long  as  the 
reaction  continues.  When  this,  which  occupies  a  few  minutes  only,  has 
terminated,  the  crucible  contains  a  liquid  mass,  consisting  of  a  mixture 
of  common  salt,  magnesium  chloride,  and  calcium  fluoride,  through  which 
are  disseminated  numerous  globules  of  magnesium.  This  is  briskly  stbred 
with  a  stout  iron  rod,  and  the  crucible,  which  is  now  removed  from  the 
fire,  ia  allowed  to  cool  during  a  few  minutes.  When  sufficiently  cold, 
small  quantities  of  dry  pulverized  calcium  fluoride  are  successively  added, 
while  the  stirring  of  the  mass,  which  gradually  becomes  pasty,  is  con- 
tinued. By  these  means  the  small  globules  of  magnesium  are  united 
into  larger  ones,  and  if  the  operation  has  been  skilfully  conducted,  they 
finally  become  nearly  all  collected  in  a  large  button,  which,  on  the  cooling 
of  the  mass,  is  found  occupying  the  upper  portion  of  the  saline  sporiaa. 
Finally  the  crucible  is  broken,  and  the  large  button  as  well  as  a  few 
smaller  ones  separated  from  the  slags.  The  magnesium  obtained  should 
weigh  about  one-sixth  of  the  weight  of  the  anhydrous  magnesium  chlo- 
ride employed,  or  about  three-fourths  of  the  total  theoretical  yield. 

Instead  of  the  before-mentioned  mixture  the  following  may  be  sub- 
stituted, namely,  600  parts  of  anhydrous  chloride  of  magnesium,  100  of 
WohWs  flux,  consisting  of  a  mixture  of  the-  chlorides  of  sodium  and 
potassium  in  equivalent  proportions,  100  of  pure  fluoride  of  calcium, 
and  100  of  sodium. 

This  is  placed  in  a  red-hot  crucible,  and  the  operation  conducted  as 
before  described,  except  that  fluoride  of  calcium  is  not  added  during 
cooling. 

To  convert  the  metallic  magnesium  into  ingots,  the  buttons,  after 
being  cleaned  by  nitric  acid,  must  be  introduced  into  a  hot  cruciUe  with 
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a  quantity  of  Woliler's  flux,  and  the  whole  rapidly  fused.  At  fiitst  the 
metal  floats  on  the  surface  of  the  slags,  hut  at  the  moment  of  their 
solidifying  the  magnesium  hecomes  more  dense  than  they,  and  sinking 
to  the  hottom  of  the  cmcihle  is  united  in  one  hutton.  The  metal  thus 
prepared  is  impure,  containing  carhon,  silicon,  and  nitride  of  magnesium. 

In  order  to  remove  these  impurities  it  must  he  distilled  in  a  tuhe 
made  of  gas-retort  carhon  enclosed  in  another  of  refractory  clay  veil 
glazed  on  the  inside.  The  space  hetween  these  tuhes,  which  should  not 
he  too  great,  is  filled  with  fine  sand,  and  is  luted  at  the  two  ends  with 
clay.  The  tuhes  thus  arranged  are  enclosed  in  an  inclined  position 
across  a  small  furnace  of  refractory  clay,  with  the  two  ends  projecting 
rather  more  than  six  inches  on  either  side.  The  ends  are  stopped  with 
corks  carrying  suitahle  glass-tuhes,  hydrogen  entering  by  the  upper  end, 
and  escaping  by  the  lower  one.  In  the  centre  of  this  carbon-lined  tube 
the  crude  magnesium  to  be  distilled  is  placed  in  a  vessel  hollowed  out  of 
a  piece  of  retort  carbon;  hydrogen  is  introduced,  and  the  tube  is  heated 
to  incipient  whiteness.  The  distillation  of  the  metal,  which  is  con- 
densed in  the  lower  portion  of  the  tube  projecting  beyond  the  furnace,  is 
indicated  by  the  brilliancy  of  the  flame  of  hydrogen  issuing  from  the 
escape  tube. 

Gratzel's  method,  which  has  been  in  use  for  about  two  years  in 
Berlin,  depends  upon  the  electrolysis  of  carnallite  (KCLMgCla.  6HA 
containing  34*2  per  cent,  of  magnesium  chloride).  This,  when  perfectly 
dehydrated  and  melted  in  a  crucible,  is  subjected  for  about  tiiirty-six 
hours  to  the  action  of  a  current  of  moderately  high  tension  from  a 
dynamo,  one  of  the  terminals  being  connected  with  the  crucible,  while 
the  other  is  plunged  into  the  molten  salt.  The  reduced  magnesium 
separates  in  globules  through  the  carnallite  flux,  and  when  collected  and 
re-melted  gives  a  chemically  puro  metal,  which  is  sold  in  various  forms, 
but  more  particularly  as  a  fine  powder  for  fire-work  making.  A  small 
addition  of  magnesium  to  melted  nickel  is  found  useful  in  producing 
sound  castings. 


MERCURY. 

Mercury,  or  quicksilver,  differs  from  other  metals  in  being  liquid 
at  ordinary  temperatures.  It  has  a  silver-white  colour,  with  a  strong 
metallic  lustre,  and  when  quite  pure  is  not  tarnished  by  exposure  in  the 
cold  to  a  moist  atmosphere.  If,  however,  other  metals  are  present, 
oxidation  is  rapidly  set  up,  and  the  surface  of  the  bath  becomes  covered 
by  a  grey  powder.  This  metal  is  solid  at  a  temperature  of  -  40^  C, 
and  is  then  both  ductile  and  malleable.  In  high  latitudes  the  cold  is 
sometimes  so  intense  as  to  cause  the  congelation  of  mercury ;  a  similar 
result  may  be  readily  obtained  by  a  freezing  mixture  of  ether  and  solid 
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carbonic  anhydride.  The  same  effect  is  also  produced  by  a  mixture  of 
pounded  ice  and  crystallized  calcium  chloride.  If  a  rather  large  quantity 
of  mercury  be  placed  in  a  platinum  dish,  and  gradually  exposed  to  a 
proper  refrigerating  mixture,  distinct  crystals  are  obtained.  The  mercury 
in  this  case  becomes  solid  around  the  sides  of  the  vessel,  and  on  pouring 
out  the  portion  which  still  retains  its  liquidity,  brilliant  crystals,  belong- 
ing to  the  cubic  system,  are  found  coating  its  sides.  Considerable  con* 
traction  takes  place  at  the  moment  of  congelation ;  for  while  its  density 
at  0**  is  13 '59,  that  of  frozen  mercury  is  14*4.  Mercury  boils  at  350"  C, 
and  is  distinctly  Yolatile  at  all  temperatures  above  19°  C.  The  latter 
property  is  readily  shown  by  suspending  a  sheet  of  gold  leaf  in  the 
upper  part  of  a  bottle  in  the  bottom  of  which  a  little  of  this  metal 
has  been  placed.  On  removing  this  arrangement  to  a  cool  place,  and 
allowing  it  to  remain  a  few  days  without  being  disturbed,  that  part  of 
the  gold  which  is  nearest  the  surface  of  the  mercury  will  be  found  to 
have  become  whitened  by  its  vapour,  while  that  portion  of  the  sheet 
which  is  in  the  highest  part  of  the  bottle  remains  unaltered. 

The  mercury  of  commerce,  when  it  comes  directly  from  the  furnace, 
is  in  most  instances  nearly  pure,  but  is  sometimes  contaminated  by  hold*, 
ing  small  quantities  of  other  metals  in  solution.  With  a  view  to  the 
separation  of  these  impurities  mercury  is  often  distilled  from  an  iron 
retort,  and  again  condensed  in  a  vessel  containing  cold  water.  For  this 
purpose  one  of  the  wrought-iron  bottles  in  which  quicksilver  is  imported 
may  be  conveniently  employed.  One  of  these,  after  being  about  half 
filled  with  the  metal,  should  have  screwed  to  it  a  piece  of  iron  gas-pipe 
bent  nearly  at  right  angles,  and  furnished  at  its  outer  extremity  with  a 
covering  formed  of  several  layers  of  linen  or  cotton  cloth,  the  end  of 
which  is  made  to  dip  into  a  basin  of  cold  water.  The  open  extremity  of 
(he  iron  pipe,  together  with  the  piece  of  linen  hose  attached,  is  moistened 
by  a  constant  stream  of  cold  water,  which  is  made  to  flow  upon  them 
throngh  a  small  stop-cock,  and  the  iron  bottle  is  heated  in  a  furnace 
until  vapout  of  mercury  begins  to  be  plentifully  given  off.  The  ebulli- 
tion of  the  metal  is  sometimes  attended  with  explosions,  and  care  must 
be  tak^n  to  so  regulate  the  heat  as  to  prevent  the  projection  of  any  part 
of  the  charge  through  the  iron  tube  into  the  receiver.  By  operating  in 
thia  way,  the  greater  portion  of  the  foreign  metals  will  be  retained  in  the 
retort,  whilst  the  mercury  passes  over  in  a  purified  state  into  the  vessel 
containing  cold  water.  A  certain  portion  of  the  impurities  is,  however, 
generally  carried  over  into  the  receiver ;  and  consequently,  when  a  pure 
specimen  is  required,  their  separation  should  be  effected  by  some  other 
means.  The  best  method  of  doing  this  is  to  treat  the  metcury  to  be 
purified  with  nitric  acid  diluted  with  twice  its  volume  of  distilled  Water, 
The  whole  is  then  heated  to  about  50**  C,  and  mercuric  nitrate  will  be 
formed.  The  more  oxidizable  foreign  metals  present  react  on  the  latter 
salt^  and  are  removed  in  solution  as  nitrates.'  Any  oxide  of  mercury 
present  is  also  dissolved  by  the  nitric  acid,  with  formation  of  mercurie 
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nitiate.  The  action  is  continued  during  twenty-four  hours,  and  the 
mixture  occasional!  j  agitated. 

Lastly,  the  water  is  separated  by  decantation,  and  the  nitrate  obtained 

in  a  crystalline  form  by  concentrating  the  solution.    The  metallic  mercury, 

'  "after  being  washed  with  distilled  water,  is  dried  first  with  bibulous  paper, 

end  subsequently  by  exposure  under  a  bell-glass  to  the  desiccating  influence 

of  caustic  lime. 

When  mercury  is  merely  soiled  by  a  slight  admixture  of  oxide,  it 
may  be  cleaned  by  brisk  agitation  in  a  glass  bottle  with  a  small  quantity 
of  strong  sulphuric  acid.  By  this  treatment  the  metal  is  divided  into 
extremely  small  globules,  which  expose  a  large  surface  to  the  action  of 
the  acid.  At  the  expiration  of  from  three  to  four  days  the  acid  may 
be  poured  off,  and  the  purified  mercury  washed  and  dried. 

Mercury  is  not  attacked  by  strong  hydrochloric  acid,  even  when  its 
action  is  aided  by  ebullition.  Dilute  sulphuric  acid  likewise  fails  to 
dissolve  it ;  but  if  concentrated  acid  be  employed,  it  is,  with  the  aid  of 
heat,  rapidly  converted  .into  mercuric  sulphate,  and  sulphurous  anhydride 
is  evolved.  I^itric  acid  attacks  this  metal  with  great  energy,  even  in  the 
cold,  and  when  moderately  diluted  with  water,  and  nitric  oxide  is  plenti- 
fully evolved. 

Mercury,  both  in  the  liquid  and  gaseous  condition,  combines  readily 
with  many  other  metals,  such  as  gold,  silver,  zinc,  tin,  lead,  and  bismuth, 
and  even  dissolves  them  in  small  proportions  without  losing  its  fluidity. 
Such  mercurial  alloys,  which  may  be  separated  from  excess  of  mercniy 
and  obtained  in  a  solid  state  by  filtration  combined  with  pressure,  are 
called  amalgama.  This  property  is  extensively  applied  in  certain  methods 
of  extracting  gold  and  silver  from  their  ores,  as  well  as  in  the  method 
of  silvering  mirrors  with  tin.  A  dry  tin  and  zinc  amalgam  forms  the 
best  exciter  that  can  be  applied  to  the  rubbers  of  electrical  machinea 
The  great  density  and  perfect  fluidity  of  pure  mercury,  together  with  its 
Tegular  rate  of  expansion  by  heat  and  its  high  electric  conductivity, 
fender  it  of  immense  value  for  the  construction  of  physical  instruments, 
auch  as  barometers  and  thermometera 

Large  quantities  of  mercury,  both  in  the  metaUic  state  and  in  the  form 
of  various  compounds,  more  particularly  the  oxide,  chloride,  iodide,  and 
nitrate,  are  used  in  medicine ;  and  there  is  also  a  very  important  con- 
sumption in  the  preparation  of  the  artificial  sulphide  or  vermilion,  which 
is  the  most  brilliant  and  permanent  red  colour  known.  Mercuroas 
nitrate  is  sometimes  used  as  a  wash  for  hare  and  rabbit  skins,  and  gives 
the  fur  the  property  of  readily  felting.  The  bichloride  or  ccrroiive  tuW- 
mate  is  similarly  used  by  taxidermists  for  preserving  natural-histoiy 
specimens. 

Mercuey  Ores. 

Nattvb  Quickmlvbr;  Mereure  naiif;  Oediegen  Queeknlber.  Cubic, 
f— ^Occurs  in  most  mines  producing  mercurial  ores.     It  is  usually  di% 
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seminated  in  small  globules,  but  sometimes  becomes  so  accumulated  in 
cavities  as  to  admit  of  being  collected  in  considerable  quantities. 

Cinnabar;  SuLPmnB  of  Mbbcuet;  Cinabre;  Zmnober,  Hexa- 
gonal— ^This  substance,  "which,  practically  speaking,  is  the  only  ore  of 
mercury,  crystallizes  in  tabular  prisms,  but  commonly  occurs  massive, 
and  is  distinguished  by  its  bright-red  colour  and  scarlet  streak.  Sp.  gr. 
8 '20.  Its  colour  is  crimson,  scarlet,  brownish,  or  orange-red;  lustre  semi- 
metallic,  or  adamantine.  It  is  sectile,  and  in  most  instances  nearly 
opaque. 

Its  composition  is  expressed  by  the  formula  HgS,  corresponding  to 
mercury  86*2  and  sulphur  13*8  per  cent.  Cinnabar  mostly  occurs  in 
connection  with  sandstones,  talcose,  carbonaceous,  and  argillaceous  schists, 
or  in  limestones ;  it  is  not  found  in  large  quantities  in  crystalline  or 
igneous  rocks.  When  the  ores  of  mercury  are  met  with  in  stratified 
rocks  they  are  often  found  in  the  form  of  veins  or  lodes ;  but  "when,  as 
is  frequently  the  case,  the  matrix  is  sandstone,  they  are  commonly  dis- 
seminated in  minute  grains  through  tbe  mass. 

Jktetaeinnabar,  a  black  amorphous  sulphide  of  mercury  of  the  same 
composition  as  but  of  lower  density  than  the  crystallized  variety  (7*7), 
is  foimd  associated  with  cinnabar  in  some  Californian  and  Mexican 
localities. 

Mercurial  fahlerz  or  tetrahedrite,  found  at  a  few  localities  in  Tyrol 
and  Hungary,  contains  mercury  up  to  a  maximum  of  about  17^  per  cent. 

Kativb  Calomel;  Mercure  chlorurS ;  Queckstlber-Homerz,  Tetra- 
gonal.— Colour  white;  lustre  adamantine.  Sp.  gr.  6*48.  Occurs  at 
MoscheUandsberg,  in  the  Palatinate,  coating  the  cavities  in  a  ferruginous 
gangue,  associated  with  cinnabar ;  also  at  the  quicksilver  mines  of  Idria 
in  Camiola,  at  Almaden  in  Spain,  &c.  .  Formula,  HgCL  Chlorine, 
15-10;  mercury,  84*90. 

Coccinite,  found  sparingly  in  Mexico,  is  an  iodide  of  mercury. 

Onofriie. — A  sulpho-selenide  of  mercury  from  San  Onofre,  Mexico. 

Ammiolite  contains  antimonate  of  copper  and  Bulphide  of  mercury. 
A  specimen  of  this  mineral  from  Chili,  analysed  by  Rivot,  contained  14  8 
per  cent,  of  tellurium. 

Distribution  of  Mercury  Ores. 

The  ores  of  mercury  are  very  unequally  distributed,  being  confined 
to  a  comparatively  small  number  of  localities,  in  some  of  which  they 
occur  in  considerable  abundance;  nearly  the  whole  of  the  metal  furnished 
to  commerce  is  consequently  supplied  by  but  a  few  mines.  The  geo- 
logical range  of  these  ores  is  exceedingly  wide,  as  they  are  found  in 
ancient  as  well  as  in  the  most  modem  formations.  Some  of  the  principal 
European  mines  of  this  metal  are  worked  in  rocks  of  Silurian  age,  while 
those  enclosing  the  celebrated  deposits  of  Kew  Almaden  in  California 
belong  to  the  Cretaceous  period     In  proof  of  the  very  modem  origin  of 
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certain  deposits  of  cinnabar,  it  may  be  stated  that  the  famaroles,  at  the 
Sulphur  Bank  near  Clear  Lake,  in  California,  are  at  the  present  time 
depositing  sulphide  of  mercury,  together  with  various  other  minerals. 

The  vapours  and  gases  issuing  from  the  different  crevices  appear  to 
be  the  agents  by  which  the  minerals  now  in  course  of  deposition  are 
brought  to  the  surface.  Sulphur  is  being  condensed  on  the  sides  of 
many  of  the  fissures,  either  in  crystalline  groups,  as  stalactites,  or  as 
translucent  amorphous  masses.  This  substance  is  sometimes  intimately 
mixed  with  cinnabar,  and  more  frequently  with  minute  crystals  of  iron 
pyrites;  or  with  pulverulent  silica,  often  blackened  by  a  tarry  hydro- 
carbom  On  the  sides  of  many  of  the  cavities  gelatinous  silica  is  deposited, 
coating  chalcedony  and  opalescent  silica  in  various  stages  of  formation, 
varying  from  the  gelatinous  state  to  that  of  the  hardest  opaL  This  silica 
is  sometimes  colourless,  but  is  more  frequently  permeated  by  cinnabar 
and  iron  pyrites,  or  is  blackened  by  the  tarry  matter  before  mentioned. 
When  the  bituminous  matter  occurs  in  large  quantity  cinnabar  is 
often  replaced  by  globules  of  metallic  mercury.  Some  of  the  silica 
intermixed  with  specimens  from  this  deposit  was,  when  first  broken, 
so  soft  as  to  easily  receive  the  impression  of  the  finger-nail,  but  on 
reaching  England  it  had  assumed  the  hardness  and  appearance  of  ordi- 
nary chalcedony. 

An  analysis  (in  duplicate),  made  in  1873,  of  a  specimen  of  this  de- 
posit, brought  by  the  writer  from  Clear  Lake  in  1866,  afforded  the 
following  results : — 
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The  Sulphur  Bank  has  been  extensively  worked  as  a  quicksilvei 
mine  down  into  rocks  of  Cretaceous  age. 

Ores  of  mercury  have  been  found  in  several  localities  in  France,  but 
they  do  not  occur  in  sufficient  quantities  to  admit  of  being  profitably 
worked.  The  mercury  mines  of  Bhenish  Bavaria  were  formerly  of  con- 
siderable importance,  and  up  to  the  beginning  of  the  seventeenth  century 

1  Gires,  with  the  combined  water,  the  formula,  BiO^M^O. 
*  DiMolred  out  hj  carbon  diiulphide. 
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afforded  from  150,000  to  180,000  lbs.  per  annum,  but  have  now  almost 
ceased  to  be  worked. 

At  Idiia,  in  Camiola,  mines  of  mercury  have  been  in  operation  for 
several  centuries,  and  are  still  of  some  importance;  the  ore,  which  is  cinna- 
bar, associated  with  a  little  native  quicksilver,  is  disseminated  in  shale 
and  black  limestone  of  Triassic  age.  The  yield  of  quicksilver  from  these 
mines  was  in  1877,  887,960  lbs.;  in  1878,  791,016  lbs.;  and  in  1882, 
836,000  lbs. 

Bohemia  formerly  produced  mercury  in  small  quantities,  and  Hun- 
gary still  furnishes  a  small  amount  Cinnabar  has  been  recently  dis- 
covered in  Servia. 

The  mercury  mines  of  Spain  are  the  most  important  in  Europe,  the 
principal  workings  being  in  the  neighbourhood  of  the  town  of  Almaden, 
in  La  Mancha,  between  Badajoz  and  Ciudad  Real,  in  the  centre  of  a 
series  of  deposits  about  ten  miles  in  length,  extending  from  Chillon  to 
Almadenejos.  Pliny  asserts  that  the  Greeks  procured  vermilion  from 
the  mines  of  this  district  700  years  before  the  Christian  era,  and  accord- 
ing to  the  same  authority  they  annually  yielded  to  the  Romans  100,000 
lbs.  of  cinnabar.  The  mines  of  Almaden,  now  above  1,000  feet  in  depth, 
are  opened  upon  three  nearly  vertical  beds  of  granular  quartzite  or  sand- 
stone, associated  with  Silurian  schists  and  an  altered  rock  locally  called 
fraylesecL^  which  forms  a  belt  between  the  stratified  and  the  eruptive 
rocks.  Two  of  these  beds  are  each  about  10  feet  and  the  third  20  feet 
in  average  thickness ;  they  follow  the  flexures  of  the  enclosing  rocks,  and 
in  one  place  come  together,  forming  a  mass  about  45  feet  wide.  The 
cinnabar  is  diffused  with  considerable  uniformity  through  the  quartzite 
matrix,  giving  it  the  appearance  of  a  bright  red  rock.  The  average  yield 
of  the  ore  is  from  7  to  10  per  cent.,  but  on  account  of  the  nature  of  the 
metallurgical  processes  employed  the  loss  of  mercury  is  large.  The 
average  annual  yield  of  quicksilver  at  Almaden  during  the  last  ten  years 
has  been  36,000  flasks,  or  about  1,242  tons.  Since  the  year  1645  the 
mines  have  been  worked  on  account  of  the  government. 

At  Ripa,  in  Tuscany,  mercury  is  obtained  from  several  veins  traversing 
mica-slate ;  the  quantity  annually  produced  is,  however,  small 

Ores  of  this  metal  are  found  in  numerous  places  in  Peru,  and  were 
known  to  the  inhabitants  long  before  the  invasion  of  that  country  by  the 
Spaniards ;  the  mines  of  the  province  of  Huancavelica,  both  as  regards 
numbers  and  richness,  are  the  most  important.  Those  of  Santa  Barbara 
have  been  worked  since  1566 ;  but  although  at  one  time  productive, 
their  annual  yield  is  now  very  smalL  According  to  Humboldt,  this  mine 
yielded,  from  1570  to  1782,  1,040,452  quintals,^  or  about  43,000  tons  of 
mercury ;  the  average  annual  yield  was  less  than  6,000  quintals ;  but  in 
the  best  years  it  sometimes  reached  10,500  quintals.  From  1790  to  1845 
the  total  yield  amounted  only  to  about  66,000  quintals. 

Various  other  mines  of  this  metal  are  worked  in  different  parts  of 
lEMh  about  100  lb«. 
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PerU)  but  they  are  of  less  importance  and  extent  than  those  of  Huan> 
cavelica ;  the  total  yield  of  the  country  was,  according  to  Whitney,  in 
1854,  about  203,000  lbs.,  of  which  one-half  came  from  the  mine  of  Santa 
Barbara. 

Although  immense  quantities  of  mercury  are  consumed  in  Mexico  for 
the  process  of  patio  amalgamation,  almost  the  whole  of  that  so  employed 
is  imported  from  other  countries.  At  the  beginning  of  the  present 
century  the  annual  consumption  of  mercury  in  Mexico  amounted  to 
16,000  quintals.  This  was  furnished  by  the  Spanish  govemment^  who 
retained  the  sole  right  of  supplying  that  metal,  which  was  chiefly  derived 
from  the  mines  of  Almaden  and  Huancavelica.  At  the  time  of  Hum- 
boldt's visit,  about  the  commencement  of  the  present  century,  only  two 
mines  producing  mercury  were  being  worked  in  the  country ;  one  called 
the  Lomo  del  Toro,  and  the  other  Nuestra  Senora  de  los  Dolores,  yield- 
ing together  only  70  to  80  lbs.  per  week.  A  mercury  mine  was  wrought 
about  the  year  1844  near  Guadalajara,  but  the  results  haying  been  un- 
satisfactory, it  was  abandoned 

The  existence  of  mercury  in  California  was  known,  and  works  were 
established  for  the  treatment  of  its  ores,  long  prior  to  the  first  gold 
discoveries  in  that  country.  In  1845  a  company  was  formed  to  work 
an  extensive  deposit  of  cinnabar  at  New  Almaden,  in  one  of  the  side 
valleys  of  San  Jos^ ;  this  has  been  a  very  productive  and  remunerative 
mine.  The  other  mines  which  have  been  worked  to  aUy  considerable 
extent  are  the  New  Idria,  the  Bedington,  Guadalupe,  the  Sulphur  Bank, 
Pope  Yalley,  and  the  San  Juan.  With  regard  to  the  geological  position 
of  the  cinnabar  deposits  of  California,  it  may  be  remarked  that  although 
this  mineral  has  been  found  in  formations  of  nearly  every  age,  as.  far  as 
is  yet  known  there  are  no  large  and  valuable  deposits,  excepting  in  rocks 
belonging  to  the  Cretaceous  period. 

The  yield  of  the  New  Almaden  mine  from  July  1850  to  the  end  of 
1883  was  793,859  flasks,  or  60,730,213  lbs. ;  while  its  production  during 
the  latter  year  was  29,000  flasks,  or  2,218,500  lbs.  avoirdupois.  The 
totid  production  of  mercury  in  California  in  the  year  1883  was  46,725 
flasks,  or  3,574,462  lbs.  The  present  total  production  of  meroury  in  the 
world  may  be  estimated  at  about  6,500,000  lbs.  avoirdupois. 

Assay  of  Mercury  Ores. 

Distillation  with  Quioklimb  in  an  Atmospherb  of  Hydrogen. — All 
ores  containing  mercury,  whether  in. the  metallic  state,  or  as  oxide,  sul- 
phide, selenide,  chloride,  or  iodide,  admit,  aft^  being  reduced  to  a  fine 
powder,  of  being  assayed  with  considerable  accuracy  by  distillation  with 
caustic  lime,  in  an  atmosphere  of  hydrogen.  This  operation  may  be  con- 
ducted as  follows : — ^A  tube  of  hard  glass^  a  6,  of  the  diameter  employed 
for  making  oiganic  analyses,  is  drawn  out  at  one  of  its  extremities^  in  the 
way  shown  in  fig.  157,  and  in  this  part  a  bulb,  B,  is  so  blown  as  to  be 
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l)etween  two  parts  of  the  narrowed  tubing.  The  contraction  at  a  is 
loosely  plugged  with  asbestos,  so  as  to  allow  of  a  free  circulation  of  gas, 
while  it  prevents  any  solid  matter  from  being  drawn  into  the  elonga* 
tion  between  a  and  B. 

Powdered  quicklime  is  afterwards  introduced  into  the  tube,  and 
slightly  consolidated  by  pressure  with  a  piece  of  glass  rod,  care  being  at 
the  same  time  taken  that  the  aperture  be  not  closed ;  a  weighed  quantity 
of  the  ore  to  be  assayed  is  then  mixed  with  caustic  lime  and  deposited 
at  Cs     When  the  mixture  has  been  placed  in  the  situation  above  indicated 
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Fig.  167. 

the  remainder  of  the  tube  is  filled  with  lime,  and  its  end  closed  with  a 
perforated  cork,  into  which,  a  piece  of  small  glass  tubing  is  accurately 
fitted.  The  prepared  tube,  after  being  tapped  on  the  table  to  form  a 
small  space  above  the  material,  is  placed  in  an  ordinary  gas  combustion- 
furnace,  and  a  current  of  dry  hydrogen  is  introduced  by  the  extremity, 
b.  The  part  of  the  tube  between  b  and  c  is  first  warmed,  and  the  heat  is 
progressively  advanced  in  the  direction  of  a.  The  mercurial  ore  is  by 
this  treatment  decomposed,  and  the  volatile  metal  being  carried  forward 
by  the  current  of  dry  hydrogen,  is  condensed  and  collected  in  the  bulb, 
B,  which  is  carefully  kept  cooL  A  smjdl  quantity  of  watery  vapour  is 
condensed  at  the  same  time,  but  by  a  continued  evolution  of  dry  hydro- 
gen this  is  ultimately  carried  o&  At  the  close  of  the  experiment^  when 
the  whole  of  the  mercury  has  been  condensed  and  the  watery  vapour  has 
passed  off,  the  tube  on  either  side  of  the  bulb,  B,  is  cut  with  a  sharp  file, 
and  the  bulb  itself  weighed  with  the  mercury  it  contains.  The  metal  is 
then  poured  out,  and  any  portions  which  may  still  adhere  to  the  glass 
removed  by  washing,  first  with  a  little  nitric  acid  and  subsequently  with 
distilled  water.  After  being  thoroughly  dried,  the  bulb  is  again  weighed, 
and  by  subtracting  the  weight  of  the  empty  glass  from  the  weight  first 
obtained  the  quantity  of  reduced  mercury  is  ascertained.  In  conducting 
this  experiment  it  is  of  importance  that  ..a  large  quantity  of  moisture 
should  not  be  contained  in  the  substance  operated  on,  since  by  its  con« 
densation  in  the  bulb,  and  subsequent  evaporation,  a  sensible  amount 
of  mercury  is  carried  off. 

Distillation  with  Quicklimb  and  Sodium  Bigabbonatb. — Instead 
of  operating  in  the  way  above  described,  the  following  process  may  be 
adopted.  An  ordinary  combustion-tube  of  about  18  inches  in  length,^ 
and  closed  at  one  end  before  the  blowpipe,  is  filled  for  a  short  distance 
with  sodium  bicarbonate  ;  this  is  pushed  down  to  the  closed  end,  so  as  to 
occupy  a  length  of  about  2  inches,  and  a  little  quicklime  subsequently 
introduced.  The  ore  to  be  assayed  is  intimately  mixed  with  excess  of 
quicklime,  and  then  introduced  into  the  tube,  where  it  should  occupy 
about  4  inches  of  the  central  portion ;  any  particles  which  may  have 
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adhered  to  the  mortar  are  removed  by  the  aid  of  quicklime,  and  the  lime 
which  has  been  used  for  this  purpose  is  likewise  introduced  into  the 
tube.  A  layer  of  6  inches  of  pure  lime  is  placed  upon  this,  and  a  loose 
stopper  of  asbestos  is  then  pushed  a  distance  of  4  or  5  inches  down  the 
tube ;  the  anterior  end  of  the  tube  being  finally  drawn  out  and  bent  at 
a  somewhat  obtuse  angle.  A  few  gentle  taps  on  the  table  will  suffice  to 
shake  together  the  contents  of  the  tube  in  such  a  way  as  to  leave  a  free 
passage  throughout  its  whole  length. 

The  tube,  thus  prepared  and  arranged,  is  introduced  into  a  com- 
bustion-furnace, and  its  point  placed  in  a  receiving  flask  half  full  of 
water ;  the  point  is  made  to  rest  upon  the  surface  of  the  water  in  the 
flask  in  such  a  way  that  its  aperture  may  be  partially  closed.  The  tube 
is  now  slowly  heated  from  the  open  to  the  closed  end,  as  in  tho  case  of 
an  organic  analysis,  and  the  last  traces  of  mercurial  vapour  are  finally 
expelled  by  heating  the  sodium  bicarbonate,  occupying  a  space  of  2 
inches,  at  its  closed  extremity. . 

While  the  tube  still  remains  red  hot  the  neck  is  cut  off  and  carefully 
rinsed  with  a  wash-bottle,  transferring  the  rinsing-water  to  the  receiving- 
flask  ;  the  small  globules  of  mercuiy  that  have  distilled  over  into  the 
latter  are  then  united  into  one  large  globule  by  agitation,  and  after  the 
lapse  of  some  time  the  perfectly  clear  water  is  decanted  or  drawn  off  by 
a  syphon,  and  the  mercury  transferred  to  a  weighed  porcelain  crucible, 
from  which  any  adhering  water  is  removed  by  blotting-paper.  The 
mercury  is  finally  dried  over  sulphuric  acid  under  a  bell  jar,  and  the 
drying  continued  until  its  weight  ceases  to  vary.  This  method,  if  care- 
fully executed,  yields  accurate  results;  soda-lime  may  be  employed  in 
place  of  quicklime  for  mixing  with  the  mercurial  ore,  but  it  does  not 
offer  any  special  advantage. 

In  the  examination  of  very  poor  materials  minute  quantities  of  mer- 
cury may  be  collected  by  using  the  convex  surface  of  a  small  gold  dish 
filled  with  water  as  a  condenser.  The  grey  deposit  so  obtained  is  dis- 
solved off  the  gold  by  nitric  acid,  and  may  then  be  tested  by  iodide  of 
potassium  or  other  reagents.  Plates  of  gold  are  sometimes  used  in  this 
way  for  determining  the  loss  of  mercury  in  the  waste  gases  of  mercury 
furnaces. 

Method  emploted  at  Idria. — In  establishments  where  many  mercuiy 
(issays  have  to  be  made  daily,  a  small  reverberatory  furnace  is  employed. 
That  used  at  Idria  has,  on  one  side,  an  iron  plate  with  twenty-«iz  holes 
tor  the  insertion  of  a  corresponding  number  of  assays.  Eight  assays,' 
each  weighing  four  ounces,  are  taken  from  the  chaige  of  every  furnace ; 
these  are  mixed  with  two  or  three  spoonfuls  of  powdered  quicklime,  and 
the  several  assays  are  introduced  into  eight  iron  retorts,  and  placed  in  the 
furnace.  Receivers  are  then  attached,  the  space  between  the  two  care- 
fully luted,  and  the  assays  heated  to  bright  redness ;  the  distillation  is 
finished  when  drops  of  mercury  are  no  longer  deposited  in  the  receiver 
The  distillation  must  be  performed  with  a  slowly  increasing  hnX,  and 
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care  taken  that  a  sufficient  temperature  is  attained  by  every  part  of  the 
retort  Should  the  mercury  obtained  not  unite  well  together,  it  is 
simply  boiled  in  water  for  a  few  seconds.  The  last  remnant  of  ad- 
hering water  is  removed  by  blotting-paper  in  the  usaal  way,  and  after 
drying  the  mercury  at  a  temperature  of  about  40^  C,  it  is  tiansferred  to 
a  tared  watch-glass  and  weighed. 

The  assay  is  considered  successful  when  the  rcbults  of  the  various 
duplicates  closely  agree,  and  no  undecomposed  cinnabar  is  deposited  in 
the  receiver  or  in  the  neck  of  the  retort  This  method  of  assaying  may 
be  conducted  with  a  sufficient  degree  of  accuracy  to  serve  either  to 
control  the  operation  of  reduction,  or  for  determining  approximately  the 
value  of  the  ore ;  but  the  results  obtained  are  in  all  cases  somewhat 
below  the  truth.  The  lower,  however,  the  amount  of  mercury  con- 
tained in  an  ore,  the  greater  will  be  the  difference  between  the  true 
percentage  and  the  assay  result;  even  with  an  ore  containing  5  per 
cent,  of  mercury,  the  quantity  found  by  this  method  will  be  lower  than 
that  which  it  actually  contains.  Various  methods  have  been  proposed 
for  the  volumetric  assay  of  ores  of  mercury,  but  none  of  them  admit  of 
general  use. 

METALLURGY  OF  MERCURY. 

The  extraction  of  mercury  from  cinnabar,  which  may  be  considered 
as,  practically,  the  only  ore  of  this  metal,  is  effected  either  by  the  oxida- 
tion of  the  sulphur  by  the  air,  and  the  volatilization  of  the  liberated 
inetal,  or  by  the  use  of  re-agents,  with  which  the  sulphur  entera  into 
combination,  while  the  liberated  mercury  distils  over,  and  is  condensed. 
When  cinnabar  is  decomposed  through  the  oxidation  of  its  sulphur,  the 
reactions  which  take  place  are  expressed  by  the  following  equation : 
HgS  +  Oj  =  SOj  +  Hg.  When  lime  is  present  with  cinnabar,  and  heat 
is  applied,  the  following  decompositions  take  place:  (HgS)^  +  (CaO)4  = 
(CaS)3  +  CaS04  +  Hg4.  The  choice  of  the  method  adopted  for  the 
metallurgical  treatment  of  mercurial  ores  is  chiefly  influenced  by  their 
richness  and  quantity,  the  size  of  the  fragments,  and  the  local  cost  of 
fuel  and  materials.  When  the  ores  are  rich  and  the  quantities  to  be 
treated  small,  the  gallery-furnace  has  sometimes  been  resorted  to ;  but  if 
the  quantities  are  large,  kilns  are  usually  employed.  Condensation  is 
effected  in  large  brickwork  chambers,  in  clay  tubes,  in  cast-iron  pipes 
kept  cool  by  water,  and  in  chambers  of  wood  and  glass. 

The  following  are  the  principal  methods  employed  for  the  extraction 
of  mercury  from  cinnabiax : — 

1.  DeccmpotiUon  of  the  ore  by  roatting. 

a.  Roasting  in  mounds;  applied  in  Hungary  to  the  treatment  of 
cupriferous  ores  containing  mercury. 

K  Boasting  in  kilns  or  furnaces,  carried  on  either  by  intermittent 
operaticms  or  continuously. 
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c  Roasting  in  reverberatory  furnaces,  and  condensing  in  iron  pipes; 
sometimes  adopted  for  working  schlich  and  other  finely  divided  ores. 
2.  Deeompaniion  in  retorts  by  lime, 
a,  GaUery  of  the  Palatinate. 
h.  Iron  retorts. 

Extraction  of  Mercury  from  Cinnabar  by  Boasting. 

This  method  of  extracting  mercury  from  its  ores  is  cheaper,  and 
requires  less  time  and  fuel,  than  that  by  the  use  of  lime  in  close 
vessels.  On  the  other  hand,  mercury  in  the  state  of  vapour  becomes 
mixed  with  the  products  of  combustion  of  the  fuel  used,  and  being 
carried  forward  by  the  draughty  condensation  is  impeded,  and  loss  of 
metal  is  the  result. 

At  Idria,  Almaden,  Kew  Almaden  in  California,  and  at  Ripa  in 
Tuscany,  chambers,  externally  cooled  by  water,  are  employed  as  con- 
densers, while  at  some  other  establishments  they  are  constructed  so  as  to 
allow  jets  of  water  to  play  within  them.  At  the  Pioneer  Mine,  in  CaU- 
fomia,  the  condensers  were  traversed  by  troughs,  through  which  a  stream 
of  water  constantly  flowed.  The  porous  masonry  of  large  chambers  is, 
however,  found  to  imbibe  a  very  considerable  quantity  of  mercury; 
and  they  have  consequently  been  replaced  by  cast-iron  pipes  cooled 
externally  by  water,  and  connected  with  condensers  provided  with  a 
suitable  chimney.  These  tubes  are,  however,  found  to  be  acted  upon 
somewhat  rapidly  by  the  sulphurous  vapours  passing  through  them,  and 
have  in  consequence  been,  in  some  instances,  replaced  by  wooden  pipes. 
Wooden  pipes  possess  the  advantage  of  being  more  durable  than  iron 
ones,  and  can,  by  means  of  small  doors,  be  easily  opened  and  cleaned. 
The  mercurial  fume  which  collects  in  them  is  also  free  from  oxide  of 
iron,  and  is  consequently  more  readily  worked. 

The  treatment  of  mercurial  ores  on  a  large  scale  is  still,  to  some 
extent,  conducted  in  kilns  working  intermittently,  which,  after  the  ex- 
haustion of  each  charge,  require  to  be  allowed  to  cool  bef(Mra  it  can  be 
withdrawn  and  replaced  by  a  fresh  one.  This  circumstance  not  only 
causes  loss  of  time,  but  from  the  alternate  heating  and  cooling  of  the 
masonry  the  walls  are  liable  to  crack,  and  to  allow  of  the  escape  of  an 
amount  of  vapour  resulting  in  a  serious  loss  of  that  metal ;  at  the  same 
time  most  deleterious  effects  are  produced  by  the  mercurial  fumes  on  the 
health  of  the  workmen  employed. 

a.  Boasting  in  Mounds. 

In  some  parts  of  Hungary  copper  ores  are  fotmd  containing  from  \ 
to  \1\  per  cent,  of  mercury,  but  probably  averaging  from  2  to  2^  per 
cent,  of  that  metal.  These  ores  are  roasted  in  heaps  preparatory  to  their 
fusion  for  copper  matte,  and  during  the  operation  a  portion  of  the 
mercury  is  collected.    The  mounds  are  usually  about  40  feet  in  length, 


MBECUEY.  545 

20  in  breadth,  and  3  feet  6  inches  in  height,  and  are  provided  with 
flues  and  chimneys  similar  to  those  sometimes  employed  for  the  pre- 
paration of  coke.  Hot  embers  are  thrown  into  the  vertical  shafts,  which 
are  subsequently  filled  with  small  coals ;  the  decomposition  of  the  sul- 
phides commences,  and  mercury  condenses  in  drops  on  the  outer  and 
colder  surfaces  of  the  ora  Before  the  uppermost  layer  becomes  so  far 
heated  that  mercury  is  re-volatilized,  it  is  covered  by  a  fresh  stratum,  as 
are  also  all  places  where  any  sinking  of  the  covering  has  taken  place. 
The  process  of  roasting  is  complete  in  about  three  weeks,  and  the  upper 
layers  of  the  mound  will  then  be  found  to  contain  mercury  resulting  from 
the  condensation  of  mercurial  vapours  expelled  from  the  more  central 
portions  of  the  pile.  These  upper  layers  are  removed,  and  washed  upon 
an  iron  sieve  in  a  tub  of  water,  in  which  the  mercury  and  fine  ore  accu- 
mulate ;  while  the  coarser  portions  which  remain  on  the  sieve  form  the 
lower  layers  in  the  next  mound  prepared  for  calcination.  The  fine  ore 
is  subsequently  washed  on  very  close  sieves,  which  allow  the  mercury  to 
pass  through  them  and  to  unite  in  the  liquid  state,  while  the  fine  ore 
remains  behind  and  is  added  to  the  next  mound  for  roasting.  The  upper 
layers  are  thus  treated  so  long  as  they  continue  to  yield  an  appreciable 
amount  of  mercury,  and  the  lower  ones,  which  have  been  completely 
roasted  are  taken  to  the  furnace  m  which  the  first  fusion  for  matte  is 
effected. 

By  this  method  of  treatment  ores  are  stated  to  yield  75  per  cent  of 
the  mercury  indicated  by  assay,  and  the  collection  of  quicksilver  from 
copper  ores  containing  only  ^  per  cent,  of  that  metal  is  said  to  be  attended 
with  profit ;  in  1861  Hungary  produced  31^  tons  of  mercury  from  the 
working  of  copper  ores  of  ^is  description. 

b.  Roasting  in  Kilns. 

Tbbatmsnt  op  Mercurial  Ores  at  Idria.  Old  Process. — The  ores 
treated  were  divided  into  two  classes ;  mineral  in  lumps  varying  from  the 
size  of  a  nut  to  a  cubic  foot,  and  those  fragments  of  which  the  size  ranged 
from  below  that  of  a  nut  to  the  finest  dust. 

The  first  class  comprised  three  subdivisions,  namely,  the  poorest  kind, 
affording  only  1  per  cent,  of  mercury ;  the  massive  sulphide,  consisting 
of  the  richest  selected  fragments ;  and  lastly,  pieces,  containing  from 
1  to  40  per  cent.,  arising  from  the  breaking  and  sorting  of  the  different 
ore& 

The  second  class  was  also  subdivided  into  three  varieties,  and  com- 
prised fragments  extracted  from  the  mine  in  small  pieces,  and  which,  on 
an  average,  afforded  from  10  to  12  per  cent  of  mercury ;  bits  of  ore 
separated  by  washing  on  a  sieve,  containing  at  times  30  per  cent  of 
metal ;  and  lastly,  sand  and  schlich  obtained  by  stamping  and  washing 
the  poorer  ores;  this  generally  afforded  a  produce  a  little  superior  to  8 
per  cent 
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The  metallurgical  treatment  of  these  several  products  consisted  in 
subjecting  them  to  a  process  of  roasting  in  a  large  kiln-like  apparatus, 
in  which  the  sulphur  was  converted  into  sulphurous  anhydride,  while 
metallic  mercury  was  set  free  and  condensed  in  a  series  of  chambeis 
arranged  on  either  side  for  that  purpose. 

This  apparatus  consisted  of  two  large  roasting  kilns,  A,  figs.  158, 159, 
furnished  on  either  side,  with  a  series  of  chambers,  C,  in  which  the 
mercurial  vapours  were  condensed. 

The  larger  fragments  of  the  mineral  treated  were  closely  piled  on  the 


Fig.  158.— Old  Furnace  at  Idrla ;  longitudinal  section. 

hollow  arch,  a,  until  the  space  between  it  and  the  next  had  been  entirely 
filled.  On  the  second  perforated  arch,  6,  were  placed  fragments  of  smaller 
dimensions ;  and  on  the  third,  c,  were  originally  deposited,  in  earthen 
vessels,  the  slimes  arising  from  the  mechanical  treatment  of  the  poorer 
ores.  This  washed  schlich  was,  however,  subsequently  formed  into 
bricks,  and  charged  into  the  furnace,  mixed  with  lump  cinnabar. 

When  the  furnace  had  been  thus  charged,  a  fire  was  lighted  on  the 
grate,  and  the  heat  progressively  raised  until  the  decomposition  of  the 
mineral  began  to  take  place.     The  cinnabar  placed  in  immediate  contact 


Fig.  169.— Old  Furnace  at  Idrla ;  horizontal  section. 

with  a  current  of  heated  air,  which  entered  the  furnace  through  aper- 
tures opening  into  the  spaces,  G,  H,  was  decomposed  and  the  metal 
sublimed;  the  latter  being  carried  into  the  condensing  chambers,  C. 
The  greater  portion  of  this  mercury  was  condensed  in  the  first  three 
chambers,  and  was  conducted  by  the  gutters,  a?,  y,  z,  to  covered  reservoirs 
beneath  the  level  of  the  floor.  In  the  last  chambers  of  the  series  a  con- 
siderable amount  of  water,  and  but  little  mercury,  was  condensed 
These  products  were,  on  account  of  the  impurities  they  contained,  carried 
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off  by  gutters,  to  a  tank,  in  which  they  accumulated.  The  mercurial 
dust,  associated  with  the  metal  obtained  from  the  last  chambers,  was 
Bubfluequently  separated  by  filtration  and  mixed  with  some  of  the  finer 
ores,  to  be  again  treated  in  the  furnace. 

In  order  to  condense,  as  far  as  possible,  the  last  traces  of  mercury 
passing  through  the  apparatus,  a  stream  of  cold  water  was  made  to  flow 
through  the  chambers,  D,  on  inclined  tables,  extending  nearly  from  one 
wall  to  the  other,  and  between  these  the  vapours  and  gases  circulated 
before  escaping,  through  E,  into  the  air. 

The  mercury  was  afterwards  filtered  through  thick  canvas  bags  to 
separate  solid  impurities,  and  subsequently  packed  in  wrought-iron  bottles 
for  exportation. 

This  arrangement,  which  was  one  of  the  largest  single  metallurgical 
structures  in  the  world,  was  charged  in  three  hours  by  the  united  labour 
of  forty  men.  The  wood  employed  as  fuel  was  beech,  and  the  distilla- 
tion lasted  from  twelve  to  fifteen  hours,  during  which  time  the  whole 
interior  of  the  kiln  was  kept  at  a  cherry-red  heat.  A  complete  charge 
for  the  double  apparatus  was  from  1,000  to  1,200  cwts.  of  ore,  which 
produced  from  80  to  90  cwts.  of  mercury.  The  furnace  required, 
according  to  the  season  of  the  year,  itom  four  to  five  days  to  cool ;  and 
therefore,  when  the  time  necessary  for  charging  and  withdrawing  the 
residue  is  included,  only  one  distillation  could  be  made  in  the  course  of 
a  week.  This  furnace  was  180  feet  long  and  30  feet  in  height,  and  was 
first  erected  at  Idria  in  the  year  1794,  before  which  time  an  aludel- 
furnace,  similar  to  those  of  Almaden,  was  employed. 

Continuous  Process. — The  first  furnaces  employed  for  this  process 
were  constructed  by  Bergrath  Hiihner  in  1860,  and  were  used  with  great 
advantage  for  the  treatment  of  all  but  the  more  finely  divided  varieties 
of  ore ;  but  even  these  could  be  advantageously  treated  if  first  mixed 
with  clay  and  made  into  bricks.  The  furnace  was  a  cylindrical  kiln 
furnished  at  bottom  with  a  movable  grate  constructed  of  iron  bars,  each 
of  which  could  be  separately  withdrawn,  and  beneath  which  a  small 
waggon  could  be  placed  for  the  purpose  of  removing  the  exhausted 
residues  after  calcination.  This  cylindrical  kiln  was  fed  at  top  by  a 
hopper  closed  by  a  valve,  and  was  connected,  by  a  lateral  flue  im- 
mediately below  it,  with  a  series  of  six  condensing  chambers,  built  of 
masonry,  and  externally  covered  with  iron  plates,  kept  cool  by  a  con- 
tinuous flow  of  water.  The  chiomey  was  built  in  tiers,  each  of  which 
was  cooled  by  water,  while  the  chambers,  which  communicated  with  one 
another  alternately  at  the  bottom  and  top,  had  clay  floors,  tightly  rammed 
in  on  a  foundation  of  masonry. 

When  this  arrangement  was  lighted,  a  few  pieces  of  broken  brick 
wore  placed  on  the  bars  so  as  to  diminish  the  interstices  between  them, 
and  on  these  were  laid  some  brushwood  and  charcoal,  on  which  the  first 
layer  of  mercurial  ore  was  charged.  The  kiln  was  now  filled  with  ore 
and  charcoal,  in  alternate  layers,  to  a  height  of  about  12  feet ;  the  wood 
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upon  the  grate  was  kindled,  and  the  fire  made  its  way  slowly  upwards 
through  the  mass.  Charges  of  7  cwts.  of  ore,  with  from  3  to  4  per  cent 
of  charcoal,  were  let  down  through  the  hopper  every  forty-five  minutes, 
while  the  exhausted  ore  was  from  time  to  time  withdrawn  by  removing 
some  of  the  bars  at  the  bottom,  and  allowing  it  to  fall  into  small  iron 
waggons  running  on  a  narrow  tramway.  The  ores  remained  twenty* 
two  hours  in  the  kiln,  and  those  containing  3*11  per  cent,  of  mercury 


Fig.  160.— Aludel-Furnace ;  longitadluAl  section. 

by  assay  yielded  1'90  per  cent  on  the  large  scale  by  this  method  of 
treatment 

More  recently  an  improved  continuous  coarse-ore  furnace  has  been 
introduced  at  Idria  by  Bergrath  Exeli,  on  the  model  of  the  old  Bumford 
lime-kiln,  from  which  excellent  results  are  obtained.  Figures  and  a 
description  of  a  slightly  modified  form  of  this  furnace,  as  employed 
for  the  production  of  mercury  at  New  Almaden,  California,  will  be 
found  on  p.  551. 

Aludbl-Furnacb  op  Almaden. — ^This  apparatus,  figs.  160  and  161, 


Fig.  161.— Aludel-Fumace  ;  sectional  plan. 

of  which  the  first  is  a  vertical  section  and  the  second  a  sectional  plan, 
was  introduced  in  1646  by  Juan  Alonzo  Bustamente,  from  Huancaveliea, 
in  Peru. 

These  furnaces,  which  are  called  buitrones,  consist  of  a  circular  kiln, 
A  B,  separated  into  two  compartments  by  a  brick  arch.  A;,  pierced  with 
numerous  apertures.     The  ore  is  piled  in  the  space,  B,  above  the  arched 
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diaphragm,  the  larger  masses  being  placed  first,  and  the  smaller  frag- 
ments upon  them.  The  top  is  then  covered  with  lumps  formed  of  clay, 
kneaded  with  fine  schlich.  At  the  upper  extremity  of  the  cavity,  B,  is 
arranged  a  system  of  openings,  /,  which  communicate  with  a  series  of 
earthen  adapters,  fitting  one  into  another,  and  resting  on  the  doubly 
inclined  surface  of  the  terrace,  a,  6,  e.  These  earthen  pipes,  or  altidds^ 
fig.  162,  are  thrust  one  into  another,  and  luted  with  a  little  softened 
clay,  by  which  the  leakage  of  the  joint  is  practically  obviated.  Some  of 
the  condensed  mercury  remains  in  the  aludels,  but  a  portion  flows  through 
a  hole  pierced  in  the  aludel  at  the  lowest  part  of  tiie  series,  and  is  col- 
lected in  the  gutter,  b,  by  which  it  is  conducted  through  wooden  spouts 
into  receiving  basins,  r.  The  uncondensed  gases,  mixed  with  mercurial 
vapours,  pass  through  apertures,  c,  into  chambers,  C,  where,  passing  under 
a  diaphragm,  e,  a  certain  portion  of  the  metal  is  deposited  in  a  trough,  t, 
filled  with  water.  What  still  remains  uncondensed  passes  into  the  upper 
part  of  the  chamber,  whence  it  escapes  into  the  atmosphere  through  a 


Fig.  162.— Aludels. 

chimney,  R  The  mercurial  soot  which  accumulates  on  the  sides  of  this 
chamber  is  occasionally  swept  down,  and,  after  being  kneaded  into  bricks, 
with  the  addition  of  clay,  is  again  treated  in  a  subsequent  operation. 
The  fuel  employed  is  brushwood,  which  being  ignited  in  the  space.  A, 
beneath  the  arched  diaphragm,  affords  the  heat  necessary  for  working 
the  furnace.  The  aludels  are  placed  in  twelve  ranges  of  about  twenty-five 
in  each ;  the  fuel  is  introduced  through  the  opening,  D,  and  the  smoke 
and  products  of  combustion  are  principally  carried  off  by  the  chimney, 
F ;  a  is  a  flight  of  steps  for  mounting  on  the  top  of  the  furnace,  and  g  a 
gutter  by  which  rain-water  is  carried  off.  The  ore  is  introduced  into 
the  furnace  through  the  door,  h,  and  opening,  o,  which  are  afterwards 
securely  luted.  The  firing  is  continued  during  twelve  or  fifteen  hours, 
and  the  apparatus  is  then  allowed  to  cool  for  three  or  four  days,  when 
the  residues  are  removed  and  it  is  charged  for  another  operation. 

Furnaces  similar  to  those  used  at  Idria  were  introduced  at  Almaden 
about  1806,  their  capacity  being  two  and  a  half  times  greater  than  that 
of  the  aludel-furnace. 

Nbw  Alhadbn,  California.  1 — The  ores  treated  at  the  reduction 
works  or  hacienda  belonging  to  this  mine  are  divided  into  the  four 
following  classes : — 

Granza,  in  fragments  vaiying  from  9    to  3)  inches,  rich,  6  to  8  per  cent. 
Terrero  „  „  6    to  SJ     „      poor,  1  to  2       „ 

Grantita         „  n  H  to  l{      „       poor,  1  to  8       „ 

TierroM  „  „  1 J  to  dust    .      poor,  1  to  3       „ 

^  *  Qnioksilrer-Rednotion  at  New  Almaden/  by  Samuel  B.  Christy,  University  of 
Oalifonia.    Transaotions  of  the  American  Institute  of  Mining  Engineers,  1885. 
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Interynittent  Furnace. — The  last  survival  of  the  old  intennittent  fur- 
nace consists  of  an  ore-chamber  12  feet  in  length,  9  feet  in  width,  and 
17  feet  6  inches  in  height,  inside  measure,  which  is  separated  from  a 
fire-place  at  one  end,  and  from  the  vapour-chamber  at  the  other,  by  ti 
diaphragm  of  hollow  brickwork.  This  is  arched  inwards  in  order  better 
to  withstand  the  pressure  of  the  enclosed  ore. 

The  mineral  is  charged  into  the  ore-chamber  through  the  top  of  the 
furnace,  and  a  series  of  channels  or  flues  is  built  longitudinally  along 
the  bottom  with  the  larger  lumps  of  ore,  in  continuation  of  the  apertures 
in  the  pigeon-holed  wall.  When  the  first  series  of  channels  has  been 
thus  built,  a  layer  of  ore  from  2  to  3  feet  in  thickness,  according  to  the 
size  of  the  fragments,  is  charged  into  the  furnace;  another  series  of 
channels  is  then  constructed,  and  so  on  to  the  top  of  the  furnace.  To 
counteract  the  tendency  of  hot  air  to  roast  the  upper  rather  than  the 
lower  layers  of  ore,  the  channels  are  made  smaller  and  further  apart  in 
the  upper  part  of  the  ore-chamber,  while  a  certain  amount  of  smalls,  and 
of  soot  from  the  condensers,  is  added  for  the  same  reason. 

There  are  four  discharge-ports  or  draw-holes,  two  on  each,  side  of  the 
furnace,  which  are  bricked  up  during  the  roasting  of  a  charge ;  while  the 
flue  for  taking  off  the  vapours  has  its  bottom  level  with  that  of  the  ore- 
chamber  in  order  to  further  counteract  the  upward  tendency  of  the 
heated  gasea 

The  operation  of  charging  requires  the  labour  of  eight  men  for  one 
day,  the  average  weight  of  the  charge  being  about  100  tons  of  mixed 
granza  and  terrero.  When  the  furnace  is  charged  the  draw-holes  are 
bricked  up,  and  some  pieces  of  old  sheet-iron  laid  on  top  of  the  charge ; 
this  is  covered  by  a  layer  of  stable  manure,  that  again  by  3  inches  of 
clay,  and  a  wood  fire  is  lighted  upon  the  hearth.  The  roasting  of  the 
ore  requires  the  labour  of  one  man  per  shift  of  twelve  hours  for  five  days 
and  four  nights. 

When  the  firing  has  been  stopped  the  furnace  is  allowed  to  cool 
during  three  days  and  nights,  the  air  being  allowed  to  pass  through  the 
condensers  the  whole  time. 

For  discharging  the  residues  the  labour  of  four  men  during  one  day 
is  required.  The  top  is  removed  to  create  an  upward  draught  through 
the  furnace,  the  discharge-ports  are  opened,  and  the  spent  ore  is  drawn 
out  into  slag-cars.  In  this  way  each  charge  of  ore  is  worked  in  ten  days, 
so  that  three  charges  may  be  put  through  the  furnace  in  a  month. 

The  ores  treated  in  this  furnace  yield  on  an  average  9*16  per  cent,  of 
mercury,  the  cost  of  working  being  $1-368  per  ton  (2,000  Iba)  of  ore. 

Continuous  Coarae-Ore  Furnaces, — These  furnaces  are,  with  the  excep- 
tion of  some  slight  modification  of  detail,  similar  to  the  coarse-ore  furnaces 
introduced  at  Idria  by  Bergrath  Exeli,  being  small  stack-furnaces  fired 
from  the  outside. 

Figs.  163,  164,  165,  166,  represent,  after  Mr.  Christy,  sections,  an 
elevation,  and  top  view  of  this  furnace.     It  will  be  observed  (fig.  165) 
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that  the  lower  half  is  a  regular  hexagon,  with  ahutments  at  the  alter- 


Fig.  108.— Section  on  A  B. 


Fig.  164.— Elevation. 


Fig.  165.— Horizontal  Sectiona.  Fig.  166.— Top  View. 

Continuous  CoArse-Ore  Furnace. 

nate  sides  containing  the  fire-places,  ash-holes^  and  draw-pits.     Each 


552  ELEMENTS   OF   METALLURGY. 

abutment  has  on  its  face  a  fire-door  and  an  ash-pit  door,  the  latter  com* 
manding  the  discharge-door  for  spent  ore. 

The  residue  or  spent  ore,  after  being  drawn  from  the  cooling-pits  of 
the  shaft  into  the  ash-pits,  is  allowed  to  remain  until  its  fumes  are  ex- 
hausted, and  is  then  drawn  into  ''slag-waggons"  through  the  dischaiging- 
doors.  These  discharging-doors  are  placed  on  the  side  of  each  of  the 
three  abutments  at  a  lower  level  than  the  ash-pit  doors. 

The  upper  half  of  this  furnace  is  cylindrical,  and  is  closed  at  top 
by  a  flattened  dome  supporting  the  charging  apparatus  in  its  centre. 
The  fumes  are  removed  from  the  vapour-chamber,  above  the  surface  of 
the  ore,  by  cast-iron  pipes  12  inches  in  diameter.  In  one  of  the  two 
furnaces  of  this  description  employed  at  New  Almaden  there  are  three 
of  these  discharge-pipes  placed  at  the  top  of  the  shaft  on  the  sides 
opposite  each  fire-place.  In  the  other  there  are,  in  addition  to  these, 
three  pipes  placed  at  the  top  of  the  shafts  one  above  each  fire-place. 
By  moans  of  short  iron  pipes  these  are  connected  with  the  rectan- 
gular system  of  pipes  encircling  the  head  of  the  furnace,  which,  inclining 
downwards  at  an  angle  of  10°,  lead  to  the  condensers.  In  order  to 
keep  these  pipes  clear  of  soot  each  contains  an  iron  scraper  moved  by 
a  rod  passing  through  a  stuffing-box  at  the  angles  of  the  system  of 
pipes.  These  are  not  often  used,  and  at  other  times  the  rods  aie 
securely  luted  in  their  places  with  clay. 

The  cylindrical  stack  of  this  furnace  has  an  interior  diameter  of 
6  feet,  with  a  height  of  11  feet  6  inches,  and  is  joined  to  the  frastum 
of  a  cone  8  feet  in  depth,  which  contracts  at  the  bottom  to  a  diameter 
of  4  feet.  Along  the  sides  of  the  cylindrical  part  of  the  shaft,  opposite 
each  of  the  fire-places,  is  a  series  of  peep-holes,  which  are  usually  closed 
gas-tight,  but  are  occasionally  used  to  determine  the  height  and  tem- 
perature of  the  column  of  ore. 

The  entire  structure  rests  on  a  slightly  concave  iron  plate  placed  on 
the  top  of  the  foundations,  which  causes  any  mercury  that  may  permeate 
the  masonry  to  flow  into  ^  reservoir  prepared  for  its  reception.  Ex- 
perience has,  however,  shown  that  this  precaution  is  unnecessary. 

The  lower  part  of  the  furnace  is  enclosed  by  cast-iron  plates  bolted 
together  and  cemented  with  rust  joints.  The  cylindrical  portion  has 
a  jacket  of  sheet-iron,  and  is  covered  at  top  by  a  cast-iron  plate  supporting 
the  charging  apparatus,  which  renders  the  whole  vapour-tight 

The  charging^pparatus  consists  of  a  cup  and  cone,  but,  owing  to  the 
poisonous  nature  of  quicksilver  and  its  fumes,  an  additional  cylinder, 
which  can  be  closed  by  a  cover  provided  with  a  water  or  sand  joint,  is 
also  added.  The  rod  moving  the  cone  passes  through  a  stuffing-box  in 
the  centre  of  the  cover,  and  is  in  connection  with  a  counterpoise  weight. 
The  cover  itself  is  also  attached  to  balance  weights  by  two  chains 
passing  over  pulleys.  By  the  use  of  this  contrivance  the  chaiging  of 
the  furnace  is  effected  without  exposing  the  workmen  to  the  effects  of 
mercurial  fumes.     The  cover  is  lifted,  a  charge  of  ore  mixed  with  a  small 
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proportion  of  fuel  is  tipped  from  an  ore-waggon  into  the  hopper,  and  the 
cover  is  lowered  into  its  place.  The  ore  is  now  allowed  to  remain  in 
the  hopper  until  it  has  acquired  the  temperature  of  that  part  of  the 
apparatus,  since  if  dropped  into  the  shaft  in  a  cold  state  it  would  be 
liable  to  chill  the  fumes  and  cause  their  condensation  in  the  furnace. 

At  the  proper  time,  an  equal  quantity  of  spent  ore  having  been 
withdrawn  into  the  ash-pits,  the  cone  is  lowered  and  a  charge  dropped 
into  the  furnace. 

On  starting  a  campaign  with  these  furnaces  they  are  filled  to  above 
the  height  of  the  fire-place  with  spent  ore,  and  then  with  raw  ore 
to  just  below  the  level  of  the  uppermost  peep-hole.  As  this  height  is 
never  exceeded,  there  is  always  above  the  top  of  the  ore  a  vapour- 
chamber  in  which  the  fumes  collect  before  passing  out  through  the  iron 
pipes  to  the  condensers.  With  the  ore  is  mixed  1^  per  cent,  of  charcoal^ 
coal,  or  coke  to  assist  in  raising  the  temperature  of  the  furnace,  and,  at 
the  same  time,  to  keep  the  column  of  ore  more  open.  A  good  fire  of 
oak  or  pine-wood  is  maintained  in  the  three  fire-places,  and  as  soon  as 
the  lower  peep-hole  indicates  a  dull  cherry-red  heat,  a  quantity  of  spent 
ore  is  drawn  into  the  ash-pits,  and  a  charge,  consisting  of  1,600  lbs.  of 
ore,  with  24  lbs.  of  fuel,  is  dropped  into  the  furnace  from  the  hopper. 
The  spent  ore  is  allowed  to  remain  some  time  in  the  ash-pits,  so  that 
it  may  discharge  any  remaining  mercurial  fumes  through  the  fire-place 
into  the  furnace,  and  is  afterwards  drawn  into  slag- waggons  through 
side  doors  in  the  abutments.  This  series  of  operations  is  repeated  every 
two  hours  during  the  whole  period  the  furnaces  are  in  action. 

Each  furnace  roasts  about  9f  tons  of  ore  in  twenty-four  hours,  and  as 
it  holds  21  tons,  it  takes  52|  hours  for  a  charge  to  pass  through  it 

The  ore  treated  contains,  on  an  average,  7  per  cent,  of  quicksilver, 
and  the  total  cost  of  working  a  ton  of  ore  is  $0*952. 

Continuous  Fine-Ore  (Granzita)  Furnace. — ^The  question  of  dis- 
covering some  cheap  method  of  treating  the  large  quantities  of  poor 
smalls  produced  at  the  New  Almaden  Mine  has  always  been  one  of 
great  importance.  Making  this  ore  into  balls  or  bricks  with  clay  would 
add  at  least  70  per  cent,  to  its  cost  of  treatment,  while  the  reverberatory 
furnaces  used  at  Idria  would,  on  account  of  the  high  prices  of  labour 
and  fuel  in  California,  be  equally  out  of  the  question. 

This  difficult  problem  has,  however,  been  satisfactorily  solved  by  the 
adoption  of  the  Hiittner  and  Scott  furnace,  which  may  perhaps  be  re- 
garded as  the  most  important  modern  contribution  to  the  metallurgy  of 
quicksilver. 

The  general  idea  of  this  furnace  is  similar  to  that  of  the  Hasenclever- 
Helbig  shelf-furnace,  in  which  a  series  of  inclined  shelves,  placed  on  the 
opposite  walls  of  a  vertical  shaft,  retard  the  descent  of  a  column  of 
somewhat  finely  divided  ora  It,  however,  diflTers  from  the  Hasenclever 
type  in  combining  a  number  of  ore-chambers  in  the  same  mass  of  brick- 
work ;  as  also  in  the  devices  for  regulating  the  products  of  combustion 
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and  for  effecting  the  discharge  of  the  burnt  residue&  Several  foinaces 
upon  this  principle  have  been  erected  at  New  Ahnaden,  but  that  which 
has  been  selected  for  description  is  the  last  built  and  most  efficient  of 
these  appliances. 

In  the  folding  plate  &cing  p.  556,  fig.  1  is  a  half  front  elevation  and 
half  vertical  section  of  this  furnace,  and  fig.  2  vertical  sections  through 
the  fire-place  and  ore-chamber. 

The  vertical  section  through  the  fire-place,  a,  shows  the  ash-pit^  b,  and 
the  second  vapour-chamber,  e,  on  that  side  of  the  furnace.  Along  the 
wall  between  the  fire-chamber,  a,  the  vapour-chamber,  e,  and  the  ore- 
chambers,  are  shown  pigeon-holes,  c,  through  which  the  flame  and  vapours 
from  the  ore  pass  into  the  ore-chamber  and  out  of  it  again.  The  pigeon- 
holes  in  the  walls  of  the  fire-chamber  are  cut  so  as  to  slant  with  the 
shelves ;  while  those  in  the  vapour-chambers  are  cut  horizontally,  but 
are  so  bevelled  that  the  ore  from  the  ore-chamber  and  dust  from  the 
gases  cannot  obstruct  them.  The  former  falls  back  into  the  ore-chamber, 
while  the  latter  settles  in  the  vapour-chambers,  whence  it  is  removed  at 
the  end  of  the  campaign  through  the  openings,  g,  which  are  kept  bricked 
up  during  the  run. 

In  case  any  obstruction  should  occur  either  in  the  pigeon-holes 
or  on  the  shelves,  peep-holes,  x^  are  placed  in  the  axes  of  the  pigeon- 
holes in  the  end  walls  of  the  furnace.  These,  which  are  placed  on  the 
same  line  opposite  one  another,  under  the  extreme  pnd  of  each  shelf,  are 
made  of  3-inch  gas-pipe,  and  are  usually  kept  luted  with  clay.  When 
any  obstruction  occurs  this  is  easily  removed  by  the  introduction  of  an 
iron  bar. 

An  earthenware  pipe,  I,  having  an  internal  diameter  of  16  inches, 
passes  through  the  condensers,  thus  cooling  them  and  f  umiahing  the  fire- 
place with  slightly  heated  air.  Branching  from  it,  and  leading  to  the 
pigeon-holes,  are  the  hot-air  flues,  m,  which  cool  the  wall ;  thus  assist- 
ing to  render  the  combustion  perfect,  and  at  the  same  time  to  prevent 
the  deposit  of  soot. 

The  vertical  section  through  the  right  hand  double  ore-chamber 
(fig.  2)  shows  the  arrangement  of  shelving  and  the  way  in  which  the  ore 
descends.  The  horizontal  length  of  the  ore-chambers  of  this  furnace 
is  11  feet  6  inches,  the  width  of  each  25|^  inches,  and  their  height 
27  feet  3  inches,  from  the  roof  to  the  point  of  discharge.  The  tile 
shelving,  a,  is  placed  at  an  angle  of  45°  with  the  side-walls ;  the  shelves 
are  30  inches  apart  vertically,  those  on  one  wall  being  15  inches  above 
those  on  the  other,  and  at  right  angles  to  them.  They  are  made  of 
ordinary  fire-tiles  36"  x  16"  x  3",  four  of  which  make  a  length,  and  allow 
of  a  3-inch  projection  into  the  end  walls.  They  are  not  let  into  the 
side  walls,  but  are  at  top  supported  by  slight  abutments  projecting  from 
the  wall,  while  at  bottom  they  rest  at  intervals  of  18  inches  on  ordinary 
fire-bricks. 

The  discharge  is  arranged  by  supporting  the  end  of  the  ore  colunma 
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of  the  interior  chambers  on  the  bottom  of  the  draw-pit;  the  ore  of 
the  exterior  chambers  being  supported  by  cast-iron  plates.  The  latter 
have,  in  front,  aprons  which  discharge  the  ore  into  the  lower  draw- 
pits,  whence  the  spent  material  from  both  divisions  is  raked  into  waste- 
waggons. 

The  ore  thus  lies  at  its  natural  slope  until  it  is  raked  out,  when  the 
whole  column  descends  gradually  from  bottom  to  top.  There  are  four 
double  discharges,  j,  k,  on  each  side  of  the  furnaces,  which  are  kept 
closed  by  sheet-iron  doors  to  protect  the  workmen  as  much  as  possible 
from  the  hot  dust  Inclined  iron  plates  are  placed  in  the  foundation 
of  the  furnaces  to  prevent  any  waste  of  mercury. 

In  fig.  1  is  shown  a  half  elevation  and  a  longitudinal  half  section, 
both  fronts  of  the  furnace  being  the  same.  From  the  fire-chamber, 
a,  the  heated  gase9  pass  through  the  lower  third  of  the  oi^e-chambers 
to  the  vapour-chamber,  d,  shown  by  dotted  lines  on  the  left.  Thence 
they  pass  through  the  middle  third  of  the  ore-chambers  to  the  vapour- 
chamber,  e,  on  the  rights  whence  they  are  conducted  through  the  upper 
third  of  the  ore-chambers  to  the  vapour-chamber,  /,  on  the  left,  and 
thence  through  the  iron  pipe,  i,  to  the  condensers. 

The  ores  at  New  Almaden  usually  cause  no  difficulty  from  fusing  or 
clotting,  but  sometimes  in  winter,  when  charged  in  a  damp  state,  they  are 
found  to  become  baked  on  the  upper  shelves  so  as  to  require  stirring,  and 
to  obviate  this  the  raises,  r,  have  been  introduced.  One  of  these  rakes 
extends  through  each  of  the  ore-chambers  just  above  the  topmost  shelves, 
where  the  ore  enters  the  furnace  from  the  hoppers,  Ti.  Should  any  baking 
of  the  charge  take  place,  the  lumps  are  readily  broken  by  the  use  of  the 
rake,  and  the  ore  descends  regularly  into  the  fumaca 

This  furnace  holds  45  tons  of  ore,  and  36  tons  are  passed  through  per 
twenty-four  hours,  and  hence  each  charge  remains  in  the  apparatus  (luring 
thirty  hours. 

The  working  of  the  furnace  is  conducted  in  the  following  way ; — One 
ton  by  volume^  of  the  spent  ore  is  drawn  alternately  from  each  side  of 
the  furnace  every  forty  minutes,  250  lbs.  being  taken  from  each  draw- 
hole,  and  a  charge  of  2,000  lbs.  of  raw  ore  and  20  lbs.  of  coal  is  let  down 
from  the  hopper,  ^  which  is  again  immediately  filled  with  raw  ore  mixed 
with  its  proper  amount  of  fueL 

The  firing  is  attended  to  every  hour,  three  4-feet  lengths  of  oak  or 
pine  being  ordinarily  added  to  each  side  of  the  fire-place  during  that 
period,  and  from  1^  to  If  cord  of  wood  is  thus  burned  every  twenty-four 
hours.  The  average  amount  of  mercury  in  the  ore  treated  is  1  '664  per 
cent.,  and  the  cost  of  treatment  per  ton  of  ore  is  $0*640. 

The  Tierras  are  treated  in  very  similar  furnaces,  which,  however, 
differ  slightly  in  the  arrangements  for  their  discharge^ 

^  Theae  ores  are  not  weighed,  bat  are  estimated  by  measurement 
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c.  Boasting  in  Bbverbbratoby  Furnaces. 

At  Idria,  reverberatory  furnaces,  constructed  by  Alberti,  are  em- 
ployed for  the  treatment  of  some  of  the  smaller  and  poorer  ores,  and 
the  results  obtained  are  said  to  be  satisfactory.  The  ore  is  introduced 
into  the  furnace  through  a  hopper  placed  at  the  extremity  nearest  the 
chimney,  and  is  divided  into  three  charges,  which  are  gradually  worked 
towards  the  fire-bridge,  while  the  exhausted  matter  is  withdrawn,  through 
an  opening,  into  an  arched  chamber  beneath.  Condensation  is  effected 
in  cast-iron  pipes,  through  which  the.  volatilizisd  mercury,  together  with 
the  products  of  combustion,  first  pass  to  a  large  condensing  chamber, 
and  thence  back  again,  through  a  considerable  length  of  similar  pipes,  to 
another  chamber,  near  the  furnaces,  which  is  in  communication  with  a 
high  chimney.  These  tubes  are  kept  cool  by  a  spray  of  water  constantly 
falling  upon  them  from  parallel  wooden  spouts,  pierced  with  holes, 
placed  above  them,  and  condense  rather  more  than  95  per  cent,  of  the 
total  amount  of  mercury  obtained.  Two  of  these  furnaces,  placed  side  by 
side  so  as  to  form  one  block  of  masonry,  work  13  tons  of  fine  ore  and 
10  tons  of  schlich  daily,  with  a  loss  of  about  8  per  cent,  of  the  mercury 
indicated  by  assay,  and  with  a  consumption  of  50  cubic  feet  of  wood  per 
cwt.  of  mercury  obtained. 


Decomposition  of  Mercurial  Ores  by  Lime. 

a.  Gallery  op  the  Palatinate. — In  the  district  of  ZweibriickeD, 
Rhenish  Bavaria,  where  considerable  quantities  of  mercury  were  formerly 
extracted,  a  peculiar  apparatus  called  a  gallery  was  employed.  The 
mineral  here  treated  consisted  of  a  mixture  of  sulphide  of  mercury  and 
calcito,  which  was  heated  in  earthen  or  cast-iron  retorts  or  cucurbits^  of 

which  several  were  arranged  in 
one  furnace,  as  shown  in  fig.  167. 
The  number  of  cucurbits,  A,  con- 
tained in  one  gallery  varied  from 
thirty  to  fifty,  and  to  each  of  these 
was  adapted  a  stoneware  receiver, 
B,  partially  tilled  with  water.  Into 
each  of  the  retorts  were  intro- 
duced from  66  to  70  lbs.  of  cin- 
nabar and  from  15  to  18  lbs,  of 
quicklime,  a  mixture  which  should 
fill  about  two-thirds  of  its  capacity. 
The  sulphide  of  mercury  was 
in  this  case  decomposed  by  the 

Fig.l67.-GaUery;train.ve»e8ection.  lime,    sulphide    of     calcium    and 

sulphate  of  calcium  being  formed, 
and  the  liberated  metal  was  condensed  in  the  stoneware  bottles.    The 
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fael  employed  was  pit-coal,  burnt  on  a  small  grate  situated  at  C.  The 
dome  was  perforated  with  openings  for  the  purpose  of  creating  a  draught. 

h.  Iron  Betortb. — With  the  view  of  obviating  the  inconvenience 
and  loss  experienced  by  the  older  methods  of  distilling  mercury,  an 
apparatus  was  erected  in  1847,  under  the  direction  of  the  late  Dr.  Ure, 
at  Landsberg,  in  Ehenish  Bavaria.  This  arrangement  consisted  of  a 
series  of  retorts,  which  were  set  in  masonry,  precisely  in  the  same  way 
as  those  used  in  the  manufacture  of  coal  gas,  and  were  fitted  at  one  end 
with  an  eduction  tube,  and  at  the  other  with  an  air-tight  stopper,  kept 
in  its  place  by  an  iron  screw. 

Both  in  Bavaria  and  at  Ripa,  in  Tuscany,  where  this  apparatus  was 
also  introduced,  it  has  long  since  been  superseded,  and  at  the  present 
time  it  appears  to  be  nowhere  in  use.  Betorts  on  a  somewhat  similar 
plan  have  been  tried  in  some  of  the  mercury  mines  of  California,  but 
were  not  found  economical ;  at  the  Enriquetta  Mine,  rotating  retorts 
were  formerly  employed. 
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Bismuth  possesses  a  greyish- white  colour,  but  at  the  same  time^pNo^ttib^ 
a  distinctly  red  tint  when  compared  with  zinc,  antimony,  or  any  of  the 
whit^  metals.  It  is  brittle,  and  consequently  cannot  be  drawn  out  under 
the  hammer,  and  when  broken  presents  a  highly  crystalline  fracture. 
Very  beautiful  crystals  of  this  metal  are  obtained  by  fusing  a  consider- 
able quantity  in  an  earthen  crucible,  and  afterwards  sotting  it  aside  and 
allowing  it  to  cool  gradually.  For  this  purpose  the  crucible  in  which 
the  fusion  has  been  effected  should  be  removed  from  the  fire  to  a  sand- 
bath,  and  covered  with  a  hot-iron  plate,  on  which  are  placed  a  few  pieces 
of  ignited  charcoal.  At  the  expiration  of  a  certain  time,  the  external  crust 
of  solidified  metal  is  pierced  by  a  hot  iron,  and  the  interior  portions, 
which  still  retain  the  liquid  form,  are  rapidly  poured  out  The  upper 
crust  is  now  removed,  and  crystals  of  bismuth  are  found  coating  the  sides 
of  the  vessel  These  are  really  rhombohedra,  but  having  angles  of  nearly 
90*,  they  have  the  appearance  of  cubes,  and  from  a  slight  covering  of 
oxide,  varying  in  its  thickness,  they  frequently  assume  beautiful  pris- 
matic colours. 

Commercial  bismuth  is  never  pure;  but  as  the  other  metals  with 
which  it  is  associated  are  commonly  more  oxidizable  than  itself,  they  may, 
in  a  great  degree,  be  separated  from  it  by  fusing  the  powdered  metal  in 
an  earthen  crucible,  with  one-tenth  of  its  weight  of  nitrate  of  potassium. 
On  heating  this  mixture  xmtil  the  nitre  has  been  completely  decom- 
posed, a  portion  of  th^*  bismuth,  together  with  the  major  part  of  the 
impurities,  will  have  been  oxidized  and  will  remain  with  the  slag,  while 
a  button  of  purified  bismuth  collects  in  the  bottom  of  the  crucible. 

To  more  completely  purify  bismuth,  dissolve  the  crude  metal  in  nitric 
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acid  and  concentrate  by  evaporation.  Ponr  the  clear  concentrated  solu- 
tion into  a  large  quantity  of  distilled  water,  and  wash  the  basic  nitrate 
which  is  precipitated  by  decantation.  Boil  with  a  very  weak  solution 
of  caustic  potash  to  remove  traces  of  arsenic,  ^c,  wash  and  dry.  ^lix 
the  dried  basic  nitrate  with  its  own  weight  of  black  flux,  and  fuse  it  at  a 
moderate  heat  in  an  earthen  crucible.  On  breaking  the  crucible,  after 
cooling,  a  button  of  nearly  pUre  bismuth  will  be  found  at  the  bottom. 

This  metal  fuses  at  a  temperature  of  258'  C.  It  is  volatile  at  a  high 
heat,  and  may  be  distilled.  Bismuth  is  placed  by  Faraday  at  the  head  of 
diamagnetic  substances ;  its  thermal  and  electric  conductivity  are  lower 
than  those  of  most  other  metals.  At  a  white  heat  bismuth  boils^  and  is 
sublimed,  and  at  this  temperature  is  stated  to  decompose  the  vapour  of 
water ;  it  is  not  affected  by  exposure  to  dry  air,  but  when  placed  in  a 
humid  atmosphere  gradually  becomes  covered  with  a  thin  pellicle  of 
oxide.  When  strongly  heated  in  air,  bismuth  bums  with  a  bluish  flame 
and  gives  off  fumes  of  a  light  yellow  colour. 

It  is  attacked  with  difficulty  by  concentrated  hydrochloric  acid.  Sul- 
phuric acid,  unless  concentrated  and  hot,  does  not  attack  it,  and  in  tliis 
case  sulphurous  anhydride  is  evolved.  J^itric  acid  attacks  it  with  great 
facility,  with  the  formation  of  a  soluble  nitrate  of  bismuth. 

Bismuth  Ores. 

Bismuth  occurs  native,  and  also  in  combination  with  the  closely  allied 
element  tellurium,  as  well  as  with  silver,  gold,  sulphur,  and  oxygen. 
Its  ores  readily  fuse  before  the  blowpipe,  and  in  the  oxidizing  flame 
afford  an  oxide  by  which  the  charcoal  support  is  stained  of  a  brownish- 
yellow  colour. 

Native  Bismuth;  Bismuth  natif;  Grediegen  Wumuth.  Hexagonal, 
rhombohedral. — ^Is  found  massive,  granular,  reticulated,  or  arborescent. 
Colour  greyish-white,  inclining  to  red ;  lustre  metallic,  and  streak  un- 
changed. Frequently  contains  small  quantities  of  arsenic,  and  is  often 
associated  with  silver,  and  sometimes  with  iron. 

Native  bismuth  accompanies  various  ores  of  silver,  load,  zinc,  cobalt, 
and  nickel,  and  frequently  occurs  in  veins  traversing  either  gneiss  or  clay- 
slate.  Its  principal  localities  are  in  Australia;  the  silver  and  cobalt 
mines  of  Saxony  and  Bohemia,  at  Altenberg,  Schneebetg,  Annaberg, 
Joachimsthal,  and  Johanngeorgenstadt ;  at  Lolling  in  Carinthia,  and  at 
Fahlun  in  Sweden.  Native  bismuth  occurs  in  small  quantities  at  Huel 
Sparnon,  near  Redruth  in  Cornwall ;  at  Carrick  Fell  in  Cumberland ; 
at  Alva,  in  Stirlingshire,  Scotland ;  and  in  Bolivia.  Native  bismuth  sup- 
plies nearly  the  whole  of  this  metal  which  is  employed  in  the  arts; 
the  greater  portion  was  formerly  derived  from  the  mines  of  Sclmeeberg, 
where.it  was  found  associated  with  ores  of  cobalt. 

Bismuth  is  also  found  in  combination  with  other  bodies,  but  these 
compounds  are  by  no  means  of  common  occurrence. 
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Sulphide  of  Bismuth  occurs  in  Cumberland,  Cornwall,  Saxony,  Sweden, 
and  in  South  Australia.  It  is  found  both  in  the  massive  state  and  in  the 
form  of  acicukr  crystals.  Its  composition  is  31^9$  or  bismuth  81*3, 
sulphur  18*7.  This  mineral  is  by  no  means  plentiful,  although  its 
localities  are  comparatively  numerous. 

SUicate  of  Bismuth  occurs  in  minute  dodecahedral  crystals  of  a  dark 
hair-brown  or  wax-yellow  colour.  Its  more  general  appearance  is  that  of 
implanted  globules  which  rarely  exceed  the  size  of  a  pin's  head.  A 
specimen  of  this  mineral,  from  Schneeberg  in  Saxony,  was  found  to  be 
composed  of  oxide  of  bismuth,  58*8 ;  silica,  23*8 ;  arsenic  anhydride, 
2 '2 ;  gangue,  9*1 ;  cobalt^  copper,  and  iron,  5*9. 

Needle  Ore  or  PcUrinite  is  a  sulpho-bismuthide  of  copper  and  lead 
sulphides,  which  is  found  in  the  mine  of  Klutscheffsky,  near  Beresof, 
in  Siberia,  in  acicular  crystals  of  a  yellowish-white  colour,  and  contains 
from  28  to  37  per  cent,  of  bismuth. 

Tetradymite  is  a  compoimd  of  bismuth  and  tellurium,  and  occurs  in 
association  with  other  tellurium  ores  and  gold  in  Merionethshire,  Hun- 
gary, Georgia,  Colorado,  and  California. 

Oxide  of  Bismuth  occurs  as  a  pulverulent  coating  on  some  of  the  other 
ores  of  this  metal ;  it  is  found  in  Bohemia,  in  Siberia,  at  St.  Agnes  in 
Cornwall,  dec.  It  is  of  a  yellowish-green  colour,  and  contains  86  per 
cent  of  bismuth.  A  vein,  containing  ores  of  bismuth  and  wolfram,  was 
formerly  worked  near  Meymac,  Dep.  of  Corr^ze,  France.  The  bismuth 
occurs  as  oxide,  associated  with  native  metal  and  sulphide. 

Carbonate  of  Bismuth  occurs  at  St.  Agnes,  at  Schneeberg,  and  at 
Johanngeorgenstadt. 

About  40  tons  of  bismuth  ores,  containing  60  per  cent,  of  metallic 
bismuth,  are  annually  imported  into  this  country,  chiefly  from  Aus- 
tralia. 

Assay  of  Bismuth  Ores. 

Assays  of  the  ores  of  bismuth  are  conducted  like  those  of  the  oxi- 
dized ores  of  lead.  When  the  substance  operated  on  contains  metallic 
bismuth  only,  no  reducing  flux  is,  theoretically,  required ;  but  as  there  is, 
in  almost  all  cases,  a  portion  of  oxide  present,  a  little  powdered  charcoal 
should  be  added.  On  account  of  the  volatility  of  this  metal,  it  is  of 
importance  that  a  readily  fusible  slag  should  be  obtained,  and  for  this 
purpose  large  quantities  either  of  sodium  carbonate,  borax  with  char- 
coal, or  of  borax  with  black  flux,  should  be  employed. 

In  the  wet  way,  bismuth  is  usually  precipitated  from  its  solutions  by 
carbonate  of  ammonium,  which  when  added  in  excess  throws  down  the 
whole  as  carbonate,  provided  the  liquid  be  allowed  to  stand  for  several 
hours  in  a  warm  placa  The  precipitate,  after  being  washed  and  dried, 
IB  separated  from  the  filter  and  ignited  in  a  porcelain  crucible ;  the  filter 
is  burnt  separately,  and  the  residue  added  to  the  ignited  precipitate. 
This  consists  of  the  oxide  Bi^Os  containing  89*74  per  cent,  of  metal. 


56o 


ELEMENTS   OF   METALLURGY. 


When  sulphuric  or  hydrochloric  acid  is  present  in  the  solution,  carbonate 
of  ammonium  must  not  be  employed  for  precipitation,  since  the  pre- 
cipitate would,  in  the  former  case,  contain  basic  sulphate,  and  in  the 
latter,  ozychloride  qi  bismuth.  In  such  cases  bismuth  must  first  be 
precipitated  by  sulphuretted  hydrogen,  and  the  resulting  sulphide 
attacked  by  nitric  acid.  From  the  solution  thus  obtained  bismuth  may 
be  precipitated  by  carbonate  of  ammonium. 

METALLURGY  OF  BISMUTH. 

SoHNEEBERG  Procbss. — The  bismuth  of  commerce  is  chiefly  obtained 
from  the  native  metal,  of  which  a  large  proportion  was  formerly  procured 
from  the  mines  of  Schneeberg,  in  Saxony.  The  metallurgical  treatment 
of  these  ores  is  extremely  simple,  as  it  is  sufficient  to  heat  them  in  closed 
vessels;  by  which  treatment  the  metal  becomes  fused  and  flows  out 
into  proper  receivers,  while  the  gangue  and  infusible  impurities  remain 
behind. 

The  Schneeberg  process  of  liquation  is  effected  in  cast-iron  retorts,  a, 
&,  fig.  168,  set  in  an  inclined  position  in  brickwork,  A,  and  provided 


Fig.  168.— Bismuth  Liquation-Fumaoe ;  veitioal  aeotion. 

with  a  grate,  g,  for  the  fuel  employed.  The  ore  treated  is  sorted  by 
hand,  broken  into  pieces  of  the  size  of  a  hazel  nut,  and  separated  as 
much  as  possible  from  associated  gangue.  The  charge  of  each  tube 
consists  of  about  56  lbs.  of  broken  ore,  which  is  introduced  at  a,  and 
occupies  three-fourths  of  its  length  and  rather  more  than  one-half  its 
diameter.  The  iron  door  at  the  end,  a,  is  now  shut,  and,  when  the 
whole  of  the  tubes  in  the  series  have  been  charged  in  the  same  way,  heat 
is  applied.  The  liquid  metal  soon  begins  to  flow  through  the  apertures, 
b,  left  in  the  lower  ends  of  the  tubes,  and  falls  into  small  pots,  c,  kept 
slightly  heated  by  a  few  pieces  of  ignited  charcoal,  introduced  into  a 
space  left  beneath  them  for  that  purpose.  Whenever  the  metal  ceases 
to  run  freely,  an  iron  rod  is  inserted  through  the  aperture,  &,  and  the  ore 
is  moved  about  in  the  retort  in  order  to  remove  any  obstruction.    The 
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fdel  employed  is  wood,  and  each  operation  requires  about  an  hour  for  its 
completion. 

As  soon  as  the  flow  of  metal  has  entirely  ceased,  the  residuum  is 
scooped  out  with  iron  rakes  into  the  water-trough,  t,  and  a  fresh  charge 
of  ore  at  once  introduced  into  the  retorts.  The  contents  of  the  pots,  c, 
are  dipped  out  with  ladles,  and  cast  into  ingots  varying  from  25  to  50 
lbs.  in  weight 

By  this  apparatus  20  cwts.  of  ore  may  be  treated  in  eight  hours, 
with  a  consumption  of  63  cubic  feet  of  wood.  The  annual  production 
of  bismuth  at  Schneeberg  formerly  amounted  to  about  5  tons,  but  it  is 
now  considerably  less. 

JoACHiMSTHAL  PROCESS. — At  Joachimsthal,  ores  containing  from  10 
to  30  per  cent,  of  bismuth  are  treated  in  large  clay  crucibles.  The 
ore  is  ground  and  mixed  with  28  per  cent,  of  iron-turnings  or  other 
finely  divided  scrap-iron,  15  to  20  per  cent,  of  carbonate  of  sodium,  5 
per  cent,  of  lime,  and  5  per  cent  of  fluor-spar.  The  crucibles  employed 
are  23  inches  in  height  and  16  in  diameter  at  the  mouth;  they  are  filled 
with  the  mixture  above  specified,  and  its  fusion  is  effected  in  a  wind" 
furnace.  When  in  a  state  of  tranquil  fusion  the  contents  of  the  pots 
are  poured  into  inverted  conical  moulds,  in  the  bottom  of  which  the 
bismuth  collects ;  this  is  covered  by  a  speiss,  which,  in  addition  to  cobalt 
and  nickel,  contain^  about  2  per  cent,  of  bismuth.  The  speiss  is  sepa- 
rated from  the  bismuth  for  subsequent  treatment,  and  the  slag,  which 
covers  both,  is  thrown  away.  The  bismuth  thus  obtained  contains  a 
certain  amount  of  silver,  which  may  be  separated  by  subjecting  the 
mixture  to  cupellation,  and  subsequently  reducing  the  oxide  of  bismuth 
produced.  Alloys  of  silver  and  bismuth  work  on  the  cupel  quite  as  well 
as  those  of  silver  and  lead. 

Produotion  op  Bismuth  at  Frbiberg. — I  ain  indebted  for  the 
following  description  of  a  method  employed  at  Freiberg  in  1870,  for  the 
extraction  of  bismuth  from  argentiferous  ores,  to  Mr.  "W.JM.  Hutchings 
of  Chester,  who,  when  a  pupil  at  the  Boyal  Mining  Academy,  pos- 
sessed facilities  for  making  himself  acquainted  with  the  process. 

None  of  the  Freiberg  ores  contain  an  appreciable  amount  of  bismuth, 
and  indeed  the  quantity  present  in  any  of  them  is  so  small  that  it  was 
never  detected  by  direct  analysis.  On  an  analysis  being  made,  however, 
of  the  hearth- bottom  of  the  silver  refinery  on  which  a  charge  of  BHck- 
kUber  from  the  German  cupelling-fumace  had  been  refined,  it  was  found 
to  be  rich  in  bismuth.  Further  analyses  proved  this  to  be  always  the 
ease ;  some  of  the  hearths  containing  as  much  as  20  to  25  per  cent  of 
bismuth,  showing  that  the  small  quantity  originally  present  in  the  ores 
had  become  concentrated  in  the  Blicksilber,  and  had  finally  passed  into 
the  refining-hearth.  A  process  for  its  extraction  was  consequently  in- 
troducedj  and  was  carried  on  at  intervals,  whenever  a  sufficient  accumu- 
latioh  of  material  had  been  collected.  For  this  purpose  the  hearth  was 
finely  ground  and  passed  through  a  sieve,  to  remove  all  tnetallic  shot/ 

2n 
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The  fine  po^^der  was  then  submitted  to  the  Extraction  ptocess  about  to 
be  described. 

At  a  later  period  a  class  of  ores  from  another  part  of  the  Erzgebirge, 
containing  more  bismuth,  was  sent  to  be  smelted  at  the  Freibeig 
works ;  these  ores  contained  nickel  and  cobalt,  which  wete  conoentiated 
in  the  speiss  produced  in  smelting.  In  order  to  obtain  the  bismuth 
from  these  ores  it  was  no  longer  sufficient  to  treat  the  refining-hearth 
only  by  tiie  extraction  process,  since  towards  the  close  of  a  cupeUation 
the  litharge  produced  was  so  rich  in  bismuth  that  it  was  found  necessary 
to  keep  it  apart  and  to  send  it  to  the  bismuth  works.  It  was  also  found 
advantageous  to  stop  the  operation  of  cupellation  when  the  change  was 
enriched  up  to  80  per  cent  of  silver,  and  to  transfer  the  alloy  to  the 
refining-f umace,  in  which  cupellation  is  completed  and  the  silver  refined ; 
both  the  litharge  and  the  hearth  contain  from  5  to  20  per  cent  of  bismuth. 
This  litharge,  as  well  as  the  hearth,  is  finely  gioimd,  and  both  are  treated 
as  follows : — 

The  powdered  hearth  or  litharge  is  treated  with  hydrochloric  acid  in 
salt-glazed  earthenware  pots,  2|  feet  high,  having  an  internal  diameter 
of  I  foot  U  inches  at  bottom  and  2  feet  8  inches  at  top.  Twelve  pf  these 
pots  are  ranged  upon  a  platform  at  one  end  of  the  room,  with  a  water- 
pipe  placed  above  and  parallel  with  them,  so  that  water  can  be  let  into 
each  as  required.  A  steam-pipe  is  also  provided,  in  order  t;hat^  when 
necessary,  steam  may  be  blown  into  the  several  pots  to  heat  their 
contents. 

From  80  to  100  lbs.  of  hearth,  or  litharge,  are  placed  in  each  pot, 
and  measured  quantities  of  acid  and  water  introduced,  in  accordance 
with  the  previously  determined  richness  in  bismuth  of  the.  material 
operated  on.  Thus,  for  example,  100  lbs.  of  hearth  may  receive  120  lbs. 
of  acid  and  45  lbs.  of  water.  The  acid  used  is  common  yellow  hydro- 
chloric. The  reaction  is  strong,  and  a  considerable  amount  of  heat  is 
evolved;  the  mass  is  actively  stirred  and  is  prevented  from  forming 
lumps.  Stirring  is  frequently  repeated  during  seven  or  eight  hours, 
after  which  more  acid  is  added,  in  quantity  regulated  by  the  amount  of 
bismuth -present,  so  that  the  pot  can  be  filled  with  water  without  any 
precipitation  of  bismuth  oxychloride  taking  place. 

The  vessel,  when  so  filled,  is  allowed  to  stand  thirty-six  houia^  to  let 
the  contents  thoroughly  settle.  The  clear  liquid  is  then  removed  by 
leaden  syphons,  and  conveyed  along  wooden  gutters  to  the  precipitating 
tubs,  which  stand  upon  a  platform  on  a  lower  level  These  tubs,  made 
of  pine-wood,  are  4  feet  8  inches  high,  with  an  internal  diameter  of 
3  feet  7  inches,  and  sides  2^  inches  in  thickness.  Each  tub  has  two 
taps,  one  quite  at  the  bottom  and  the  other  some  5  inches  higher  up.  A 
wooden  gutter  runs  over  all  the  tubs,  and  has  a  hole  and  plug  oone* 
spending  with  each.  The  liquid  syphoned  out  of  the  extraction-pots  ia 
conveyed  to  this  main  channel  by  short  movable  gutters,  and  can,  by 
plugs,  be  let  into  any  one  of  the  tubs  in  the  series.    At  the  same  time 


BISMUTH.  563 

that  this  liquid  is  run  in,  water  is  introduced,  from  a  pipe  extending 
oyer  the  tubes,  in  sufficient  quantity  to  ensure  the  precipitation  of  the 
bismuth  as  oxjchloride ;  the  whole  is  stirred  and  the  precipitate  allowed 
to  settle. 

The  residues  in  the  extraction-pots  are  again  treated  with  acid  and 
"vrater,  and  the  solution  precipitated  as  before ;  this  treatment  is  repeated 
until  the  solution  obtained  is  so  weak  that  on  adding  a  large  quantity  of 
•water  no  appreciable  precipitate  is  formed.  The  residues  are  then  re- 
moved, drained,  dried,  and  when  a  sufficient  quantity  has  accumulated, 
are  passed  through  the  blast-furnace. 

When  the  oxychloride  of  bismuth  has  completely  settled  in  the  pre- 
cipitating tubs,  the  clear  liquid  is  let  off  by  the  upper  tap,  and, conveyed 
along  gutters  into  large  wooden  settling  tanks,  in  order  to  catch  any 
small  quantity  of  the  precipitate  which  may  be  carried  over.  From  these 
the  liquors  are  run  off,  leaving  the  precipitate  in  the  bottom.  Another 
charge  of  liquid  is  now  run  into  the  precipitating-tub  and  treated  in  the 
same  way ;  several  precipitations  thus  take  place  in  each  tub,  until  the 
precipitate  nearly  fills  the  space  between  the  taps.  After  the  clear  liquid 
has  been  run  off  by  the  upper  tap,  the  precipitate  is  stirred,  drawn  off 
by  the  lower  one,  and  conveyed  on  to  suitable  filters.  Each  filter  is 
connected  with  a  tub,  into  which  the  filtered  liquid  runs  before  going  to 
the  settling  tanks. 

This  first  precipitate  obtained  upon  the  filters  is  not  sufficiently  pure 
to  be  reduced  at  once  to  the  metallic  state.  It  is,  therefore,  taken  from 
them,  treated  with  acid  and  water,  and  re-precipitated ;  for  this  purpose 
there  is  a  special  set  of  three  smaller  pots  and  three  separate  precipitating 
tubs. 

The  second  precipitate  is  almost  pure ;  this  is  dried,  and  afterwards 
reduced  by  fusion  in  iron  crucibles,  heated  in  a  wind-furnace  with  50 
per  cent,  of  carbonate  of  sodium,  7  per  cent,  of  charcoal-powder,  and 
8  per  cent  of  powdered  glass.  ,/ 

The  bismuth  thus  obtained  is  refined  by  re-melting  in  iron  crucibles, 
and  the  -removal  of  the  scum  which  forms.  The  resulting  bismuth  is  of 
good  commercial  quality. 

The  bismuth  ores  treated  in  the  United  Kingdom  contain  on  an 
average  60  per  cent,  of  metallic  bismuth,  and  are  generally  fused  in  black- 
lead  pots,  with  the  addition  of  borax,  sodium,  carbonate,  and  a  little 
crude  tartar. 

Bismuth  unites  readily  with  tin  and  lead,  forming  a  series  of  alloys 
known  as  fusible  metdlB,  whose  melting-points  are  considerably  lower  than 
those  of  their  constituenta  This  curious  property  was  first  noticed  by 
Sir  Isaac  Newton,  who  described  an  alloy  melting  near  the  boiling-point 
of  water ;  and  subsequent  observers  have  shown  that  by  varying  the  pro- 
portions of  the  constituents,  and  especially  by  a  small  addition  of  cadmium, 
the  fusibility  may  be  greatly  increased  The  complete  series  of  these 
alloys  is  as  follows :: — 
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Name. 

Bl 

Pb. 

Sn. 

Cd. 

MeltiDg-Poitti 

Remarks. 

1,  Newton's 

60 

31-26 

1876 

C. 
94'-5, 

2.  Roee'B    . 

50 

2810 

24-64 

100" 

Bi^n^b 

3.  Darcet's 

50 

26-00 

2600 

... 

93- 

4. 

60 

20-00 

30-00 

9r-« 

6.  "Wood's  . 

50 

14-00 

14-00 

12-00 

66-7r 

6.  Lipowitz's      . 

50 

27-00 

13  00 

10-00 

«r 

Softens  at  55' 

Fusible  metal,  like  pure  bismuth,  expands  in  solidifying,  and  is  used 
for  taking  impressions  or  cliches  of  wood-blocks  and  other  engraved 
surfaces  for  reproduction  by  the  electrotype  process,  as  well  as  in  safety- 
plugs  for  steam-boilers,  which  melt  if  the  water  becomes  overheated 
through  excessive  pressure.  A  small  addition  of  bismuth  to  pewter 
renders  it  hard  and  sonorous.  The  salts  of  bismuth  are  somewhat 
extensively  used  in  medicine. 


LEAD. 

Lead  is  a  soft  metal  of  a  bluish-grey  colour,  and  when  recently  cut 
possesses  a  strong  metallic  lustre;  on  exposure  to  the  air  it  becomes 
rapidly  tarnished,  and  acquires  a  superficial  coating  of  plumbous  car- 
bonate. 

Lead  is  both  malleable  and  ductile,  possessing  the  former  property 
to  a  considerable  degree ;  but  its  tenacity  is  inferior  to  that  of  nearly  all 
the  other  ductile  metals.  It  is  flexible  and  inelastic,  and  fuses  at  about 
325*  C.  When  slowly  cooled,  imperfect  octahedral  crystals  are  readily 
obtained.  At  a  red  heat,  lead  becomes  sensibly  volatile,  but  not  to  a 
sufficient  extent  to  admit  of  its  distillation. 

When  kept  in  a  state  of  fusion,  in  contact  with  the  air,  rapid  oxida- 
tion takes  place.  At  first  the  surface  of  the  metallic  bath  becomes 
covered  by  an  iridescent  pellicle,  which  is  quickly  converted  into  a 
powder  of  a  reddish-yellow  colour.  At  a  red  heat  this  oxidation  of  the 
metal  proceeds  with  great  rapidity ;  and  it  becomes  necessary,  in  order 
to  continue  the  operation,  that  the  oxide,  which  gradually  melts,  should 
be  removed  for  the  purpose  of  exposing  a  fresh  metallic  surface. 

Lead,  exposed  to  the  influence  of  a  damp  atmosphere,  quickly  absorbs 
oxygen,  and  when  acid  vapours  are  present  this  action  is  much  accele- 
rated. Oxidation  is  induced  by  the  presence  of  carbonic  anhydride, 
which  gives  rise  to  the  formation  of  a  white  carbonate  of  lead.  Dis- 
tilled water  determines  the  oxidation  of  the  metal,  and  from  this  cause 
leaden  cisterns  are  rapidly  corroded  when  used  as  reservoirs  for  soft 
water.  A  bar  of  lead,  placed  in  distilled  water  and  exposed  to  the  air, 
becomes  rapidly  covered  with  a  white  coating  of  hydrated  oxide,  which 
is  subsequently  converted  into  a  hydrated  carbonate  ;0f  lead^  frequently 
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forming  distinct  nacreous  scales  on  the 'surface  of  the  metal  In  such 
cases  the  water  is  invariahly  found  to  hold  a  portion  of  lead  in  solution, 
which  is  readily  shown  hj  its  becoming  brown  on  passing  through  it  a 
current  of  sulphuretted  hydrogen. 

From  the  tendency  exhibited  by  lead  to  form  soluble  salts,  it  ought 
not  to  be  used  for  the  manufacture  of  tanks  in  which  water  for  domestic 
purposes  is  to  be  kept,  since,  from  the  poisonous  nature  of  these  com- 
poundB,  disastrous  effects  not  unfrequently  result 

The  action  of  water  on  lead  is,  however,  much  diminished  by  the 
presence  of  small  quantities  of  various  salts,  and  particularly  calcium 
sulphate,  which  has  the  property  of  preventing,  to  a  great  extent,  HhJb 
oxidation  and  solution  of  this  metaL 

The  lead  of  commerce  often  approaches  a  state  of  chemical  purity,  and 
is  then  extremely  soft  and  malleable.  When  lead  of  still  greater  purity 
is  required,  it  may  be  procured  by  reducing,  in  a  carbon-lined  crucible, 
oxide  of  lead,  obtained  by  the  calcination-  of  crystallized  nitrate  of  lead. 
Lead  is  somewhat  feebly  attacked  by  hydrochloric  acid,  even  when  con- 
centrated and  boiling.  Weak  sulphuric  acid  does  not  act  on  lead  when 
air  is  excluded ;  but  if  heated  in  very  strong  sulphuric  acid,  8O3  is 
evolved  and  lead  sulphate  is  slowly  formed.  The  proper  solvent  for  lead 
is  nitric  acid,  which  forms  with  it  a  salt  readily  crystallizing,  on  cooling, 
•in  opaque  octahedra. 

Lead  Obes. 

Lead  is  very  rarely  found  in  a  native  state,  but  usually  in  combination 
with  one  of  the  non-metallic  elements,  particularly  with  sulphur.  It  also 
occurs  in  combination  with  oxygen,  selenium,  arsenic,  tellurium,  and 
with  various  acids.  The  ores  of  lead  are  fusible  before  the  blowpipe, 
and  when  fluxed  with  a  little  carbonate  of  sodium  on  a  charcoal  support 
yield  a  globule  of  metallic  lead.  The  metal  thus  obtained  gives  off  fumes, 
particularly  when  heated  in  the  outer  flame,  and  stains  the  charcoal  of  a 
yellow  colour. 

Native  Lead  ;  Flomb  natif;  Qediegen  BleL  Cubic — ^The  characters 
of  native  lead  are  precisely  similar  to  those  of  ordinary  commercial  lead. 
It  is  a  very  rare  substance,  of  which  specimens  are  said  to  have  been 
found,  associated  with  galena^  in .  County  Kerry,  Ireland,  and  in  an 
argillaceous  rock  near  Cartagena^  Spain.  Native  lead  is  also  stated  to 
have  been  met  with  at  Alston  Moor,  in  Cumberland,  where  it  is  supposed 
to  occur,  with  galena,  in  a  siliceous  rock. 

Oxide  07  Lead;  Massicot;  Bleigldtte.  Khombia — Is  a  pulverulent 
mineral  of  a  bright  red  colour,  sometimes  mixed  with  yellow,  and  is  a 
mixture  of  different  oxides  of  lead,  affording  a  metallic  globule  when 
heated  on  charcoal  before  the  blowpipe.  It  is  sometimes  a  volcanic 
product,  but  occurs  associated  with  galena,  and  is  found  in  small  quan- 
tities in  various  lead  minea  From  the  comparative  rarity  of  this  ore  it 
is  of  no  importance  to  the  metalluigistk 
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Chloridb  op  Lead  ;  Plomh  chlorurS;  Salzaaures  Blei.  Rhombic — 
This  rare  mineral,  known  as  Coiunnite,  PbCls;  is  foudd  among  the  lavas 
of  Vesuvius.  An  oxychloride  of  lead^  terttied  Mendipit€f  occurd  jh  the 
Mendip  Hills,  in  the  form  of  lamellar,  shining  masses,  of  a  greyish-white 
colour,  deposited  on  a  matrix  of  bldck  oxide  of  manganese.  It  has  a 
specific  gravity  of  7*07.  When  treated  before  the  blowpipe  it  decre- 
pitates, and  fuses  into  a  globule  of  a  yellowish-white  colour;  if  heated  on 
charcoal,  metallic  lead  is  obtained.  Another  oxychloride  of  lead,  and  a 
chloro-carbonrtte  of  lead,  occur  in  Derbyshire. 

SuLPHiDB  OF  Lbad;  GcUetui ;  GaUne;  Bleiglanz.  CSubic — ^This 
mineral  occurs  principally  in  cubes,  which  are  often  of  cotisiderable  size ; 
its  cubic  cleavage  is  extremely  perfect  It  more  rarely  occurs  in  a  finely 
granukr  state,  and  is  sometimes  found  in  fibrous  masses.  Compact 
specimens,  although  occasionally  met  with,  are  of  comparatively  rare 
occurrence.  Its  colour  and  streak  are  lead-grey ;  fragile ;  lustre  metallic ; 
.specific  gravity  from  7*3  to  7'7.  When  pure,  it  contains  lead  86-56,  and 
sulphur  1345  per  cent.,  corresponding  to  the  formula,  PbS.  ThQ  lead 
in  this  mineral  is  invariably  associated,  to  a  greats  or  less  extent^  with 
silver.  When  silver  is  present  in  considerable  quantity  the  ore  receives 
the  name  of  argentiferous  galena,  and  becomes  a  valuable  source  ol  that 
metal. 

The  analysis  of  an  argentiferous  galena  from.  Schemnitz  afforded 
Beudant  the  following  results : — 

Pb  .  .    ' 79-60 

Ag •  •  .        .         7-00      • 

S     .  .   . 18-40 

.   .  10000 

f  or  about  2,300  ounces  of  silver  per  ton  of  ore.  This  is  rarely  realized  for 
any  large  quantity  of  ore ;  the  average  yield  of  lead  and  silver  of  galena 
from  diiferent  districts,  as  prepared  for  the  smelter,  being  as  follows : — 

Lead,  per  cent.  SUtof,  onnoes  per  ton. 

North  of  England          .        .        .    70-77  .  8 

Linares,  Spain 70  10 

Harz    ......       62  80 

Freiberg       .....       66  46 

-     Isle  of  Man  .....       75  20-60 

Cornwall       .....       70  .60 

Przibram      .         .  '      .        .        .49  100 

In  addition  to  sulphide  of  silver,  galena  sometimes  contains  variable 
quantities  of  antimony.  This  substance  appears  to  alter  in  a  certain 
degree  the  character  of  the  mineral;  those  specimens  of  which  the  lamina 
are  curved,  as  well  as  those  which  present  a  bright  steely  fracture,  often 
contain  antimony. 

Galena  occurs  in  granite,  limestone,  in  argillaceous,  and  in  sandstone 
rocks,  and  is  frequently  associated  with  ores. of  copper  and  «i^c.  The 
piatrix  on  which  this  ore  has  been  deposited  is,  in  the  majority  of  cases, 
either  quartz,  calcite,  fluor-spar,  or  barium  suii)hate.  The  lead  mines  of 
the  West  of  England  occur  in  clay-slate ;  those  of  Derbyshire  dud  the 
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Korth  of  England  are  principally  in  limestone,  as  are  also  the  ezten- 
•sitre  deposits  of  Bleiberg  and  of  the  neighbouring  districts.  In  the 
tipper  HarZy  and  at  Przibram,in  Bohemia,  the  lead  mines  are  in  clay- 
slate  ;  at  Freiberg,  in  Saxony,  in  gneiss ;  at  Sala,  in  Sweden,  in  crystal- 
line limestone ;  and  at  Leadhills,  in  Scotland,  in  the  older  grits.  Yalnable 
deposits  of  galena  are  worked  in  yarious  parts  of  France,  and  particularly 
:at  Huelgo^  and  Poullaouen,  in  Brittany ;  at  Pontgibaud,  Puy-de-Ddme ; 
and  at  Yialas,  in  the  department  of  Loz^re. .  In  Spain,  sulphide  of  lead 
is  found  in  Catalonia  and  Granada,  in  the  granite  hills  of  Linares,  pro- 
Tioce  of  Jaen,  and  elsewhere.  Gralena  occurs  in  Belgium;  in  Savoy;  in 
Sohemia,  at  Joachimsthal,  where  the  ore  is  principally  worked  for  silyer ; 
and  in  Siberia,  where  argentiferous  galena  occurs  in  limestone  in  the 
Daouria  Mountains.  Extensive  deposits  of  this  ore  are  likewise  found 
in  United  States  of  America. 

Ouprqplumbite  is  a  variety  of  galena  -containing  24*5  per  cent,  of 
sulphide  of  copper.     It  is  a  rare  mineral,  obtained  from  Chili. 

Dirfrenoysite  is  a  aulpharsenide  of  lead  of  a  dark  steel-grey  colour, 
from  the  dolomite  of  St.  Gothard. 

Selenide  of  Lead  or  Cflatiethalttey  is  a  mineral  of  a  lead-grey  colour  and 
granular  fracture.  When  heated  before  the  blowpipe  it  gives  off  the 
•  odour  of  horse-radish.  It  occurs  in  quantities  too  small  to  render  it  of 
-  practical  value  as  an  ore  of  lead. 

Cbbussitb;  CarhonaU  of  Lead;  Plomb  earhonaiS;  Weisableterz. 
Bhombic — This  mineral  generally  possesses  a  white  colour  and  an  ada- 
mantine lustre.  It  is  foimd  in  crystals  analogous  to  those  of  aragonite, 
in  radial  and  coinpact  masses,  in  concretions^  and  in  amorj^ous.  deposits. 
All  these  varieties,  with  the  exception  of  tiiat  last-mentioned,  possess 
the  peculiar  lustre  belonging  to  white  lead.  It  sometimes  happens  that 
.dystalliced  specimens  of  this  substance  are  nearly  black;  this  arises 
from  the  presence  of  small  quantities  of  sulphide,  probably  due  to  the 
.action  of  sulphuretted  hydrogen,  resulting  from  the  decomposition  of 
galena,  with  which  carbonate  of  lead  is  generally  found  associated  It  is 
an  extremely  brittle  mineral,  and  when  amorphous  exhibits  a  conchoidal 
fractura  When  treated  with  nitric  acid  it  dissolves  with  evolution  of 
CO3;  before  the  blowpipe  it  decrepitates,  but  when  heated  on  a  char- 
coal support  affords  a  button  of  metallic  lead.  Its  specific  gravity  varies 
from  6-46  to  658. 

Two  specimens  of  this  mineral  afforded  on. analysis  the  following  per- 
centage results : — 
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This  is  a  carbonate  of  lead,  haying  the  formula  PbCO,  or  PbO.CO^ 
The  amorphous  and  friable  varieties  are  generally  more  or  less  contami* 
nated  with  siliceous  and  earthy  impurities.  Cerossito  is  found  in  splendid 
ciystals  at  Leadhills,  at  Wanlock  Head,  in  Derbyshire,  and  in  some  of 
the  Cornish  mines,  as  well  as  in  many  other  localities.  When  abundant 
it  forms  a  valuable  ore  of  lead,  sometimes  yielding  above  75  per  cent 
.of  that  metal*  From  its  dissimilarity  to  the  other  ores  of  lead,  it  ma 
for  a  long  time  considered  by  miners  to  be  of  no  value ;  large  quantities 
which  had  been  formerly  buried  in  rubbish  were  subsequently  excavated 
and  worked  with  great  advantage  in  many  of  the  Spanish  mines,  as  abo 
at  different  points  in  the  valley  of  the  Mississippi,  and  at  Leadville, 
Colorado,  United  States  of  America. 

Anguesitb;  StdphcUe  of  Lead;  Flomb  euifaie;  BUimtrioL  Khombic. 
— The  crystalline  forms  are  closely  allied  to  those  of  heavy  spar,  and  are 
often  slender  and  implanted.  Specimens  of  sulphate  of  lead  in  amor- 
phous masses  and  in  lamellar  and  granular  fragments  are  also  found. 
It  is  colourless,  sometimes  inclining  to  grey  or  green*  Lustre  adaman- 
tine, vitreous,  or  resinous.  May  be  either  opaque  or  perfectly  tran 
sparent.  When  pure,  it  consists  of  73  per  cent  of  oxide  of  lead,  and 
.27  of  sulphuric  anhydride.  If  heated  with  sodium  carbonate  before  the 
blowpipe  it  affords  a  globule  of  metallic  lead.  Its  composition  is  repre- 
sented by  the  formula  PbSO^,  or  PbO.SOs.  This  mineral  ia  generally 
associated  with  galena,  by  the  oxidation  of  which  it  appears  to  be  formed. 
Fine  specimens  of  this  ore  are  found  at  Parys  Mountain,  Leadhills, 
and  Wanlock  Head,  as  well  as  at  Huelgoet  in  France,  in  the  Island  of 
Sardinia,  and  in  the  States  of  Missouri  and  Wisconsin  in  America ;  but 
it  does  not  often  occur  in  sufficient  quantities  to  be  r^^arded  as  an 
important  ore  of  lead.     Its  density  is  about  6*3. 

Linarite  is  a  blue  hydrated  double  sulphate  of  lead  and  copper, 
sparingly  found  at  LeadhiUs  and  at  Roughton  GilL 

Pybomobphitb ;  Phosphate  of  Lead;  Plomb phosphate;  BunGMeru 
Hexagonal — This  mineral  occurs  in  hexagcmal  prisms,  of  a  bri^^t  green 
or  brown  colour,  which  have  a  lateral  cleavage,  and  are  often  nearly 
transparent.  It  has  a  specific  gravity  varying  from  6*5  to  7*1,  and 
affords  a  white  streak. 

Besides  being  found  in  crystals,  it  sometimes  occurs  in  mammillaiy 
and  reniform  masses,  with  a  radiated  structure.  In  its  purest  state  this 
mineral  is  composed  of  PbO  74-1,  P2O5 15*7,  Pb  7*6,  and  CL  2*6  per  cent 
This  composition  indicates  the  proportion  of  three  molecules  of 
phosphate  of  lead  to  one  of  chloride  of  lead ;  formula  3(3PbO.FsOf). 
PbCla,  or  Pb5(P04)jCL  Phosphate  of  lead  is  found  in  many  of  the  lead 
mines  in  this  country ;  and  particularly  in  those  of  Cornwall,  Leadhillfl^ 
and  Wanlock  Head.  The  phosphate  of  lead  from  Huelgofe't,  in  Brittany, 
contains  alumina. 

Mimeiieitef  Kampyltte,  and  Hedyphane  are  afsenates  of  lead,  mueh 
resembling  in  appearance  the  phosphate  of  that  metal,  but  when  heated 
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evolving  the  odour  of  garlic.  They  are  analogous  in  crystalline  form  and 
cbemidd  constitution  to  Pyromorphite  PjOa  being  replaced  by  AsjOg, 
and  FbO  to  some  extent  by  CaO. 

Chromate  of  Lead  is  a  mineral  of  a  bright  red  colour,  which  crystal- 
lizes in  rhombic  prisms,  and  blackens  before  the  blowpipe.  When 
heated  on  charcoal  it  forms  a  shining  slag  containing  numerous  globules 
of  metallic  lead.     It  has  a  specific  gravity  of  about  60. 

A  specimen  of  chromate  of  lead,  analyzed  by  Berzelius,  gave  the 
following  results : — 

PbO 68-60 

GrOk 81-50 

This  mineral  is  a  simple  chromate  expressed  by  the  formula 
PbCr04,  or  PbO-CrO,.  Chromate  of  lead  is  the  "chrome-yellow"  of 
painters,  but  is  for  this  purpose  artificially  prepared  by  adding  a  solu- 
tion of  chromate  of  potassium  to  a  soluble  salt  of  lead.  Native  chromate 
of  lead  occurs  in  small  quantities  only,  and  is  chiefly  obtained  from 
Brazil  and  from  Beresof  in  Siberia.  Mdanochroite  is  another  chromate 
of  lead,  and  Vauqudinite  is  a  chromate  of  lead  and  copper. 

WulfenUe  or  Molybdate  of  Lead  is  a  very  brilliant  yellow  mineral, 
crystallizing  in  tetragonal  forms.  It  is  of  the  composition  PbO.MOg, 
-with  PbO  61*4  and  MO3  38*6  per  cent.  It  occurs  most  abundantly  at 
Bleiberg,  Carinthia,  and  in  Utah  and  Nevada,  and  is  the  principal  source 
of  molybdic  acid. 

Plumho-resinite  is  a  rare  ore  of  lead,  obtained  at  Huelgoet,  in  Brit- 
tany, and  from  the  Missouri  mines  in  the  United  States  of  America.  A 
specimen  of  this  substance  from  Huelgoet,  analyzed  by  Berzelius,  was 
found  to  be  constituted  as  follows : — Oxide  of  lead,  40*14 ;'  alumina, 
37*00;  water,  18'80;  insoluble  gangue,  2*60.  This  mineral  has  a 
yellowish  or  reddish-brown  colour,  and  possesses  a  lustre  much  re- 
sembling that  of  gum  arable. 

The  other  minerals  containing  lead  are  very  rare,  and  in  no  instance 
occur  in  sufficient  abundance  to  allow  of  being  treated  as  ores  of  this 
metal 

Distribution  of  Lead  Obss. 

The  ores  of  lead  are  abundantly  distributed  through  the  geological 
series,  but  appear  to  be  most  abundant  in  rocks  of  Silurian  and  Car- 
boniferous age,  and  frequently  occur  in  deposits  which  cannot  be  regarded 
as  true  veins.  Lead  veins  are  often  rich  in  one  stratum  of  rock,  and 
become  suddenly  impoverished  on  entering  another  differing  from  it  in 
composition.  Gkdena  always  contains  a  certain  amount  of  silver,  but 
lead  ores  are  not,  generally,  argentiferous  to  any  considerable  extent, 
unless  they  occur  in  crystalline  or  metamorphic  rocks.  The  more  argenti- 
ferous ores  are,  for  the  most  part,  found  in  true  veins  occurring  in  the 
older  rocks,  and  these,  although  not  so  productive  for  lead  as  deposits  in 
limestone,  are  generally  more  persistent  in  depth. 
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The  ores  of  lead  found  near  the  stufface  embrace  variods  oxidized 
combinations,  resulting  from  the  decomposition  of  gidena ;  among  these 
carbonate,  sulphate,  and  phosphate  of  lead  are  the  most  common. 

The  lead-prodacing  districts  of  the  United  Kingdom  are  scattered 
over  England,  Wales,  Scotland,  and  Ireland;  but  that  of  the  nortih  of 
England  is,  from  the  quantity  of  ore  raided,  the  most  important  It  lies 
chiefly  in  the  vicinity  of  Alston  Moor,  ^here  the  three  cotnties  of  Nortb- 
umberland,  Durham,  and  Cumberland  meet,  and  where  the  ore  is  obtained 
from  veins  enclosed  in  Carboniferous  Limestone.  A  nearly  horizontal 
bed  of  eruptive  rock,  known  to  the  miners  .as  the  "Whin  Sill,"  is  inter- 
calated between  the  limestone  in.  an  irregular  manner.  The  principal 
workings  are  on- rake-veins,  or  true  lodes ;  but  there"  are  other  classes  of 
deposit,  known  respectively  as  pip&^m,  fiat-veina^  &c. 

Bake-veins  commonly  exhibit  the  usual  characteristics  of  regular 
veins,  although  they  do  not  always  descend  through  the  strata  in  an 
uninterrupted  course,  but  are  arranged  in  zigzags,  one  portion  having  a 
general  parallelism  with  other  parts  oj!  the  same  vein  above  ot  below  it, 
and  being  connected  with  it  by  horizontal  deposits. 

Hie  lead-region  of  Derbyshire  is  in  many  respects  eimilar  to  that 
above  described,  but  is  more  conipliaated  in  its  details^  being  much 
broken  up  by  faults ;  and  instead  of  one  bed  of  eruptive  rock,  as  in 
Cumberland,  there  are  three.  The  ordinary  gangue  of  tiiese  veins  is 
calcite,  fluor-spar,  and  barium  sulphate. 

The  lead  mines  of  Cornwall  and  Devon  are  worked  on  true  veins,  and 
the  ores  raised  contain  a  notable  amount  of  silver,  but  the  production  has 
of  late  years  considerably  fallen  off.  At  the  time  Borlase  wrote  (1758) 
only  one  lead  mine  was  worked  in  Cornwall,  and  in  18S9  the  whole 
produce  of  the  county  was  somewhat  below  180  tons.  In  the  years  from 
1845  to  1850  over  10,000  tons  were  annually  raised,  from  3,000  to 
4,000  tons  of  metallic  lead  being  produced  aimuaUy  from  East  Huel  Bose 
alone.  This  *  mine  has  long  since  ceased  to  be  productive,  and  accord- 
ing to  'Official  statistics,  the  present  annual  production  of  Cornwall  is 
about  350  tons  of  lead,  containing  2,500  ounces  of  silver.  In  Devo&flhiie 
the  Combe  Martin  and  Beer  Alston  Mines,  which  formerly  yielded  ores 
containing  from  80  to  140  ounces  of  silver  per  ton,  have  long  since  ceased 
to  be  extensively  worked.  The  Snailbeach  Mines  in  the  county  of  Salop, 
the  Grassington  Mines  in  Yorkshire,  and  the  Minera  Mines  in  Denbigh- 
shire, have  been  celebrated  for  their  lai^e  production. 

The  lead-region  of  Cardiganshire  and  Montgomeryshire  extends  over 
a  length  of  about  forty  miles,  and  varies  from  Ave  to  twenty-two  miles 
in;  width.  The  usual  strike  of  the  'lodes>  which  are  enclosed  in  rocks  ol 
Silurian  age,  is  east-north-east ;  the  gangue  consists  chiefly  of  fragments 
.  of  slate  cemented  together  by  quartz  and  calcite. 

The  total  quantities  of  lead  ore  raised  and  sold  in  the  United  Kingdom 
during  1885,  and  of  lead  and  silver  produced  therefrom,  were  as 
follow: — 
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Lead  ore 51,302  tons. 

Leftd 87,687     „ 

Silver         .  .        .        .        .        .     820,520  ounces. 

In  Belgium,  galena  and  other  ores  of  lead  are  found,  associated  with 
zinc,  in  limestone.  The  annual  production  of  the  country  is  probably 
equivalent  to  about  2,500  tons  of  lead. 

In  Germany,  lead  mines  of  some  importance  are  worked  in  the  Siegen 
district.  The  veins  of  the  Upper  Harz  are  concentrated  in  two  principal 
groups,  one  near  Clausthal,  and  another  in  the  vicinity  of  St.  Andreaa- 
berg.  In  the  neighbourliood  of  Clausthal  and  Zellerfeld  the  veinstone  is 
chiefly  made  up  of  a  breccia  of  country  rock  cemented  together  by  calcite, 
carbonate  of  iron,  quartz,  and  heavy  spar.  The  most  abundant  ore  is 
argentiferous  galena,  with  small  quantities  of  copper  ore  and  blende ;  in 
some  cases  the  ores  widen  out  into  a  stockwork  300  feet  in  width,  and 
from  such  aggregations  of  narrow  veins,  rich  returns  of  ore  are  not 
unfreqnently  obtained.  The  system  of  veins  in  the  neighbourhood  of 
Si  Andreasberg  is  included  within  a  space  about  a  mile  in  length  atid 
two-thirds  of  a  mile  in  width ;  in  addition  to  argentiferous  galena,  they 
yield  silver  ores  proper,  including  pyrargyrite  and  light-red  silver  ore. 

Besides  the  mines  of  St.  Andreasberg  and  Clausthal,  there  ^re  in  the 
Haiz  those  of  Eammelsberg,  situated  in  the  neighbourhood  of  Goslar. 
Here  the  principal  bed  of  ore  dips  in  the  direction  of  the  enclosing  slates, 
and,  at  a  depth  of  about  40  feet^  sends  off  a  branch  at  a  considerably 
less  angle.  The  length  of  this  deposit  is  about  1,800  feet,  and  its  greatest 
thickness  150  feet,  but  these  dimensions  decrease  in  depth.  This  re- 
markable deposit  is  almost  entirely  composed  of  sulphides  of  iron,  zinc, 
lead,  and  copper,  without  any  notable  admixture  of  gangue.  There  are 
also  extensive  workings  in  the  ^reat  lead-bearing  sandstones  of  Commem 
and  elsewhere,  in  Bhenish  Prussia,  where  from  rock  yielding  only  Ij^  to 
2  per  cent,  nearly  55,000  tons  of  lead  are  annually  produced. 

In  Nassau  lead  ores  are  raised  from  a  group  of  veins  extending  from 
Holzappel  on  the  Lahn  to  Welmlch  and  Werlati  on  the  Rhine ;  about 
thirty  small  mines  are  worked  on  these  veins,  and  are  estimated  to  yield 
800  tons  of  lead  annually. 

The  total  production  of  lead  ore  in  Germany  was,  in  1881,  about 
164,000  tona 

A  considerable  portion  of  the  lead  produced  in  the  Austrian  Emjure 
is  obtained  from  the  mines  of  Bleiberg  and  Saibl  in  Carinthia.  The 
village  of  Bleiberg  is  situated  near  ViUach,  in  the  Carinthian  Alps,,  and 
mines  extend  from  Bleiberg  along  the  valley  of  the  Notsch  to  a  distance 
of  five  milea  The  ore,  which  is  galena  and  carbonate  of  lead,  with 
blende  and  calamine,  occurs  in  deposits  ia  a  rock  believed  to  be  of  the 
(^ge  of  the  Muschelkalk. 

At  the  important  mines  of  .Przibrapi  in  Bohemia  the  galena  forms 
contact4eposits  on  the  sides  of  dioritic  veins  occurring  in  rocks  of  Lower 
Silurian  age.     The  metalliferous  portions  of  these  veins,  which  are  gene- 
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rally  too  poor  to  repay  the  expense  of  neorking  until  a  depth  of  fifty 
fathoms  has  been  attained,  consist  of  a  mixture  of  galena,  sulphide  of 
antimony,  blende,  and  iron  pyrites,  with  a  little  grey  copper  ore.  The 
total  average  production  of  the  Austrian  Empire  is  estimated  at  about 
9,000  tons  of  metallic  lead  annually. 

The  annual  production  of  lead  in  Russia^  Sweden,  and  I^orway  is 
comparatively  smalL 

Spain  has  long  been  celebrated  for  her  lead  mines,  which  hove  been 
described  by  Strabo,  Diodorus,  and  Pliny,  as  exceedingly  numerous  and 
extensive.  Under  the  Moorish  dominion  mining  operations  were  con- 
ducted with  considerable  activity,  but  upon  their  expulsion  from  the 
country  the  art  appears  to  have  rapidly  fallen  into  decay. 

The  discovery  of  America  and  of  its  mineral  riches,  which  took  place 
shortly  after  the  departure  of  the  Moors,  caused  the  mines  of  Spain  to 
be  comparatively  neglected  ;  but  after  the  loss  of  her  American  colonies 
it  was  found  necessary  to  make  an  e£fort  for  the  development  of  her  own 
mines.     By  a  decree  of  Ferdinand  YIL  the  mines  of  Spain  were,  in 

1825,  laid  open  on  tolerably  liberal  conditions  to  the  enterprise  of  all, 
whether  natives  or  foreigners,  and  in  1849  this  law  was  supplanted  by  a 
new  one,  by  which  still  further  privileges  were  conferred. 

One  of  the  first  points  to  which  Spanish  mining  enterprise  was 
directed,  after  the  promulgation  of  the  ordinance  of  1825,  was  the  lead- 
district  of  the  Sierra  de  Gador,  in  the  province  of  Almeria,  where,  in 

1826,  operations  had  been  commenced  on  above  three  thousand  different 
grants.  For  a  time  the  production  of  this  region  was  very  large ;  in  the 
year  1827,  according  to  Whitney,  these  mines  yielded  42,000  tons  of  lead, 
thereby  so  reducing  the  price  that  the  miners  entered  into  a  mutual 
agreement  to  work  during  one-half  the  year  only.  These  deposits  are 
not  in  veins,  and  are  compared  by  Le  Play  to  an  immense  amygdaloid,  in 
which  the  paste  is  limestone  and  the  amygdules  galena.  The  limestone 
is  of  Silurian  age. 

From  the  nature  of  the  deposits,  it  is  evident  that  so  large  a  prodne- 
tion  could  not  be  continuously  kept  up ;  and  from  1827,  when  it  attained 
its  highest  pointy  the  falling-off  was  rapid ;  at  the  present  time  these 
mines  are  considerably  less  productive  than  formerly. 

At  present  the  principal  lead-producing  districts  in  Spain  are  Linares, 
in  the  province  of  Jaen,  Cartagena  and  Mazaron  in  the  province  of 
Murcia,  and  various  mining  fields  in  the  province  of  Almeria.^  Lead  ore 
is  also  produced  in  the  provinces  of  Granada,  Estremadura,  Badi^oz,  and 
to  a  small  extent  in  some  of  the  northern  provinces.  The  Linares  dis- 
trict may  be  said  to  embrace  the  neighbouring  districts  of  Bailen,  Bailos, 
Yilches,  La  Carolina,  and  Santa  Elena,  an  area  of  about  84  square  miles ; 
but  two-thirds  of  the  production  comes  from  Linares  proper,  an  area  of 
not  more  than  20  square  miles.     The  veins  in  the  Linares  district  occur 

1  Mr.  T.  Sopwith  has  Idndly  f omiglied  much  inf omuition  relative  to  the  prodaetkA 
of  pig-lead  in  Spain. 
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principally  in  granite,  those  in  the  neighbouring  districts  in  clay-slate. 
The  ore  obtained  is  galena,  which  is  dressed  np  to  75  or  78  per  cent  of 
lead,  and  contains  from  6  to  10  ounces  of  silver  per  ton  of  ore.  So-called 
carbonates  are  also  produced,  which,  although  containing  a  certain  amount 
of  earthy  carbonate  of  lead,  depend  principally  for  their  value  on  partially 
decomposed  galena ;  they  are  chiefly  obtained  from  the  smaller  mines 
insufficiently  supplied  with  washing  apparatus,  and  contain  from  45  to 
60  per  cent,  of  lead.  A  certain  amount  of  slag  is  also  obtained  from 
washing  the  heaps  left  by  the  andehts ;  their  tenure  in  lead,  when  sold, 
being  from  30  to  50  per  cent 

The  production  of  the  entire  Linares  district  is  not  less  than  90,000 
tons  of  galena  per  annum,. to  which  may  be  added  10,000  tons  of  car-> 
bonates  and  10,000  tons  of  slags.  The  carbonates  and  slags  are  nearly 
all  smelted  at  Cartagena. 

The  Cartagena  district  may  be  said  to  include  Herrerias,  Forman, 
Mazaron,  Aguilas,  Cabo  de  Gato,  Sierra  Almagrera,  and  others.  When 
Cartagena  stood  at  the  head  of  the  list  of  Spanish  lead-producing  dis- 
tricts  slags  were  the  principal  source  of  the  metaL  Including  what  is 
received  from  Linares;  about  30,000  tons  of  pig-lead  are  now  produced 
annually,  principally  from  earthy  carbonates  found  in  layers  in  the  lime* 
stone  rock.  Excluding  imports  from  Linares,  it  is  not  probable  that 
more  than  8,000  to  10,000  tons  of  galena  are  smelted.  The  carbonfites 
of,  say  20  per  cent,  produce,  are  reduced,  partly  in  numberless  little 
smelt-mills  scattered  all '  over  the  district,  and  also  at  Escombrera,  three 
miles  from  Cartagena,  as  well  as  at  Cartagena  itself,  where  there  are 
large  smelting  establishments. 

Almeria,  including  Motril,  Guadiz,  Sierra  de  Baza,  Solana,  Berja,  &c., 
has  greatly  diminished  its  production  within  the  last  ten  years.  It  for- 
merly produced  nearly  80,000  tons  of  ore  annually ;  its  present  production 
may  be  10,000  to  15,000  tons  of  galena,  yielding  about  78  per  cent  of  lead. 

The  three  districts  named  are  the  only  ones  in  which  mines  are 
worked  on  a  large  scale.;  an  additional  7,000  or  8,000  tons  will  cover  all 
the  remaining  production  of  Spain.  The  total  production  of  the  country 
is  believed  to  be  nearly  as  follows : — 

Tom  of  Pig-lead. 
Linares,  exdnsive  of  slags  and  carbonates  •     60,000 

Cartagena,  including  g^ena  slags  and  carbonates  )  qq  q^q  , 

from  Linares y     >^       . 

Almeria 80,000 

Other  districts,  8,000  tons  at  76  per  cent,  (or  70  >    ^  aha 

per  cent  nett)       .        .        .        .     .  .        .{    ^'^^^ 

126,600 
Say,  120,000  tons  of  pig-lead  annually. 

It  is  not  probable  that  the  production  will  continue  at  this  figure, 
as  the  flow  prices  of  lead  which  have  ruled  from  1880  to  1885  do  not 
enable  lead  ores  which  do  not  contain  a  considerable  amount  of  silver 
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to  be  worked  with  profit  The  production  of  late  years  has  been  kept  up 
in  a  large  measure  by  attacking  the  reserves  of  ore  left  in  former  times. 

Of  the  60,000  tons  raised  at  Linares  (nearly  one  half  of  the  produc- 
tion of  Spain)  about  one  half  is  smelted  in  the  district,  and  the  remainder 
is  carried  to  Cartagena  and  Almeria,  and  there  smelted  with  the  argenti- 
ferous ores  and  fluxes  found  on  the  south  coast,  or  to  Germany.  The 
latter  country  takes  from  10,000  to  12,000  tons  of  lead  ore  from  Spain 
annually. 

In  the  Piedmontese  Alps  the  miniBS  of  Pesey  and  Macot  have  been 
worked  during  the  last  150  years,  and,  together  with  that  of  Saint  Jean 
de  Maurienne,  producied,  according  to  Burat  in  1846,  about  250  tons 
of  lead  and  19,000  ounces  of  silver  annually.  In  the  island  of  Sardinia 
there  are  numerous  mines,  producing  considerable  quantities  of  lead 
and  silver.  Thirty-nine  different  mines  were  in  operation  in  1872, 
their  annual  production  of  lead  being  about  14,000  tons,  containing 
364,500  ounces  of  silver ;  in  addition  to  this,  Sardinia  o^fforded  about  900 
tons  of  lead  and  15,000  oimces  of  silver,  obtained  by  smelting  Boman 
and  other  slags. 

The  annual  produce  of  the  kingdom  of  Italy  is  estimated  at  37,500 
tons  of  argentiferous  lead  ore. 

In  1881  Greece  exported  11,700  tons  of  pig-lead,  of  which  a  large 
proportion  was  obtained  from  the  ancient  slags  of  Laurium. 

The  most  important  mines  of  argentiferous  galena  in  France  are 
those  of  Pontgibaud  in  the  Puy-de-Ddme.  The  ore,  which  is  much 
mixed  with  silica,  contains  a  laige  amount  of  silver,  and  is  smelted  in 
blast-furnaces,  after  having  been  subjected  to  a  preliminary  roasting. 
The  annual  yield  of  the  Pontgibaud  mines  is  about  1,400  tons  of  lead 
and  145^000  ounces  of  silver;  the  total  annual  yield  of  lead  ores  in 
France  is  estimated  at  14,000  tons,  containing  185,000  ounces  of  silver. 

The  principal  lead  deposits  of  the  United  States  of  America  weie 
formerly  situated  in  the  Mississippi  Valley,  and  were  embraced  in  the 
States  of  Illinois,  Wisconsin,  Iowa,  and  Missouri 

Attention  was  first  directed  to  the  lead  deposits  of  America  by  the 
famous  expedition  of  Le  Sueur,  who,;  in  his  voyages  up  the  Mississippi 
in  1700  and  1701,  noticed  many  lead  veins  along  its  banks.  The  mines 
of  Missouri  had,  ho^vever,  been  worked  for  some  time  before  aby  further 
attention  was  given  to  the  comparatively  remote  region  of  the  Upper 
Mississippi ;  but  in'  the  year  1788  a  Frenchman,  Julien  Dubuque,  who 
had  settled  in  the  district,  commenced  mines  on  the  western  bank  of  the 
river  on  a  tract  of  land  which  includes  the  now  flourishing  town  of 
Dubuque.  The  principal  mining  centres  are  Galena  in  Illinois ;  Mineral 
Pointy  in  Wisconsin ;  and  Dubuque,  in  Iowa.  The  lead  is  almost  exclu- 
sively found  in  a  certain  portion  of  the  Lower  Silurian  formation,  and 
there  are  no  deposits  in  the  Valley  of  the  Mississippi  which  can  be  con- 
sidered as  coming  under  the  head  of  true  veins.  The  lead  of  this 
region  is  extremely  poor  in  silver,  seldom  containing  much  above  one 
ounce  to  the  ton. 


LEAD.  575. 

Numerous  true  veins  containing  galena  occur  in  the  iSastem  States  of 
North  America ;  hut  although  these  afford  ores  which  are  richer  in  silver 
than  those  of  the  deposits  of  the  Mississippi  Valley,  they  are  hut  little 
worked,  and  their  yield  of  lead  is  comparatively  small. 

Of  late  years  huge  deposits  of  argentiferous  lead  ores  have  heen  dis- 
covered in  Utah,  Nevada,  Colorado,  Montana,  and  Idaho ;  and  a  very 
large  portion  of  the  lead  now  annually  produced  in  the  United  States  is 
ohtained  from  those  regions. 

The  present  annual  production  of  lead  in  the  United  States  is 
133,000  tons,  and  the  total  production  of  the  world  is  prohahly  ahout 
450,000  tons. 

Assay  op  Lead  Ores. 

Tlie  ores  of  lead  may,  for  the  purposes  of  assay,  he  divided  into  two 
classes. 

The  first  class  comprehends  all  ores  of  lead  and  other  plumhiferous 
aahstances  which  contain  neither  sulphur  nor  arsenic,  or  in  which  these 
bodies  are  present  in  small  proportion  only. 

The  second  class  comptises  sulphide  of  lead,  or  galena,  together  with 
all  lead  ores  containing  either  arsenic,  phosphorus,  or  sulphur. 

From  the  facility  with  which  lead  is  volatilized  when  strongly  heated 
it  is  necessary  to  conduct  the  assay  of  its  ores  at  a  moderate  temperature, 
^a  a  notable  quantity  of  the  reduced  metal  would  otherwise  be  driven  off 
in  the  state  of  vapour. 

The  furnace  best  adapted  for  making  lead  assays  is  constructed 
similarly  to  that  used  for  the  assay  of  the  ores  of  iron  and  copper,  but 
may  be  of  somewhat  smaller  dimensions.  For  this  purpose,  the  internal 
cavity  for  the  reception  of  fu^l  should  be  about  9  inches  square,  and  the 
height  of  the  throat  from  the  fire-bars  about  13  inches. 

A  furnace  of  this  kind  should  be  connected  with  a  chimney  of  at 
least  20  feet  in  height  Moderately  hard  coke,  broken  into  pieces  of 
about  the  site  of  hens'  eggs,  is  the.  most  convenient  fuel 

Assay  of  Obbs  or  the  First  Class. — ^The  assay  of  ores  belonging  to 
this  class  is  a  simple  operation,  Care  being  only  required  that  a  sufficient 
amount  of  carbonaceous  matter  be  added  in  order  to  effect  the  complete 
reduction  6i  the  metal,  while  such  fluxes  are  supplied  as  will  afford, 
by  combining  with  the  siliceous  and  earthy  matters  present,  a  liquid  and 
readily  fusible  slag.  The  mineral  to  be  assayed  is  first  pounded  in  an 
iron  mortar  and  passed  through  a  sieve  of  wire-gauze.  Those  portions 
which  remain  on  the  meshes  are  again  crushed  until  the  whole  has  been 
passed  through,  since,  if  this  were  not  attended  to,  a  fair  sample  of  the 
ore  could  not  be  obtained;  as  the  more  sterile  portions,  being  usually  the 
hardest)  are  the  last  to  become  sufficiently  reduced  in  size. 

When  the  ore  has  been  properly  ground,  400  grains  may  be  weighed 
out  and  well  mixed  with  600  grains  of  dry  sodium  carbonate,  and  from 
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40  to  50  grains  of  poiYdeied  charcoal^  according  to  the  supposed  richness 
of  the  mineral. 

This  is  now  introduced  into  an  earthen  crucihle  of  such  a  size  as  to 
be  not  more  than  one-half  filled  by  the  mixture,  and  on  the  top  of  the 
whole  is  placed  a  thin  layer,  either  of  sodium  carbonate  or  of  common 
salt.  The  crucible  with  its  contents  is  then  placed  in  the  furnace  and 
gently  heated,  care  being  taken  so  to  moderate  the  temperature  that  the 
mixture  of  ore  and  flux,  which  soon  begins  to  soften  and  enter  into 
ebullition,  may  not  swell  up  and  flow  over  the  sides.  If  the  efferves- 
cence becomes  too  strong,  it  must  be  checked  by  partially  removing  the 
crucible  from  the  Are,  and  by  a  due  regulation  of  the  draught  by  the 
damper. 

When  the  boiling  has  subsided  and  gas  is  no  longer  given  ofi^  the 
heat  is  again  raised  during  a  few  minutes  and  the  assay  completed: 
During  the  process  of  reducing  the  metallic  oxide  or  carbonate  the  heat 
should  not  exceed  dull  redness ;  but  in  order  to  complete  the  operation 
and  render  the  slags  sufficiently  liquid  to  admit  of  the  accumulation  of 
the  lead  in  one  button  at  the  bottom  of  the  crucible  the  temperaturo  must 
subsequently  be  increased  to  bright  redness. 

When  the  contents  of  the  pot  have  been  reduced  to  a  state  of  tranquil 
fusion,  it  must^  by  the  aid  of  proper  tongs,  be  romoved  from  the  fire,  and 
the  assay  poured  into  an  iron  mould ;  or,  after  having  been  tapped  gently 
against  some  hard  body,  to  collect  the  lead  in  a  single  globule,  it  may  be 
set  aside  to  cooL  When  the  operation  has  been  successfully  performed, 
the  cooled  slag  will  present  a  smooth  concave  surface,  with  a  distinct 
vitreous  lustre^  As  soon  as  the  crucible  has  become  sufficiently  cold  it 
is  broken,  and  tihe  button  of  lead  extracted.  To  remove  from  the  metal, 
obtained  either  from  the  mould  or  by  breaking  the  crucible,  the  particles 
of  adhering  slag,  the  button  is  hammered  on  an  anvil,  and  afterwards 
washed  and  rubbed  with  a  hard  brush.  If  any  portions  of  the  slag  adhere 
so  firmly  as  not  to  admit  of  being  easily  removed  by  mechanical  means, 
it  may,  in  most  instances,  be  separated  by  placing  the  button  for  a  short 
time  in  a  little  dilute  sulphuric  acid,  by  which  the  slag  is  dissolved, 
whilst  the  metallic  button  remains  unafifected.  When  the  ore  has  been 
properly  fluxed  and  a  liquid  slag  obtained,  the  whole  of  the  metallic  lead 
will  have  collected  in  one  mass  at  the  bottom  of  the  pot 

Instead  of  employing  sodium  carbonate  and  powdered  charcoal,  the 
substance  to  be  assayed  may  be  fused  with  twice  its  weight  of  black  flux, 
and  tbe  mixture  slightly  covered  by  a  thin  layer  of  borax.  Very  good 
results  are  also  obtained  by  mixing  together — 

400  grains  of  plumbiferous  matter, 
500        ,,        carbonate  of  Bodium,  and 
200        „        crude  tartar. 

These  ingredients,  after  being  perfectly  incorporated,  are  placed  in  an 
earthen  crucible  and  covered  with  a  thin  layer  of  borax. 
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The  three  foregoing  methods  yield  equally  good  results,  and  afford 
slags  containing  hut  a  very  small  portion  of  lead. 

The  assay  of  very  rich  lead  products  belonging  to  this  class  may  he 
conducted  without  the  use  of  any  kind  of  flux,  as,  when  heated  to  red* 
ness  in  a  lined  crucible,  they  are  readily  and  completely  reduced.  It  is, 
however,  desirable  in  all  cases  to  add  about  10  per  cent,  of  sodium  car- 
bonate, by  which  the  adherence  of  any  metallic  globules  to  the  charcoal 
lining  is  prevented.  This  method,  although  requiring  a  longer  time  than 
those  already  described,  does  not,  even  when  rich  ores  are  operated  on, 
afford  more  satisfactory  results. 

When  the  substance  operated  on  contains,  in  addition  to  lead,  other 
metals-^such  as  copper,  silver,  tin,  or  antimony — ^the  button  obtained 
will  retain  a  greater  or  less  proportion  of  these  metals.  If  zsinc  be 
present  in  the  ore,  traces  only  of  that  metal  will  be  discovered  in  the 
resulting  button  of  lead.  For  commercial  purposes  the  button  of  lead  is 
seldom  subjected  to  chemical  examination,  as  the  purity  of  the  metal  is 
usually  judged  of  in  accordance  with  its  colour  and  softness ;  but  when 
a  more  accurate  knowledge  of  its  constituents  is  required,  it  must  be 
made  to  undergo  the  usual  routine  of  analysis.  The  carbonates  of  lead 
are  the  only  important  minerals  belonging  to  this  class. 

AflSAT  OF  Obbs  of  thb  Skoond  Class. — ^This  class  not  only  compre- 
hends galena,  which  is  the  most  common  and  abundant  ore  of  lead,  but 
also  comprises  the  sulphides  resulting  from  various  metallurgical  processes, 
as  well  as  the  sulphates,  phosphates,  and  arsenates  of  that  metal 

The  assay  of  galena  is  variously  conducted,  but  one  of  the  following 
methods  is  most  commonly  employed  for  commercial  purposes. 

The  ore  to  be  examined,  after  having  been  properly  crushed  and  sifted, 
is  fused,  either — 

1.  With  sodium  carbonate  or  black  flux ; 

2.  With  metallic  iron ; 

3.  With  sodium  carbonate  or  black  flux  and  iron ;  or, 

4.  With  a  mixture  of  nitre  and  sodium  carbonate. 

Firtt  Method  :  Ftmon  mtk  an  Alkaline  Flux, — This  operation  is  con- 
ducted in  an  earthen  crucible,  which  is  to  be  left  uncovered  untU  its 
contents  have  been  reduced  to  a  state  of  tranquil  fusion. 

The  powdered  ore,  after  being  mixed  with  three  times  its  weight  of 
dry  sodium  carbonate,  is  slowly  and  gradually  heated  in  an  ordinary  assay 
furnace  until  the  mixture  has  become  perfectly  liquid,  when  the  crucible 
is  removed  from  the  Are,  and,  after  having  been  gently  tapped  to  collect 
any  globules  of  metal  which  may  be  in  suspension  in  the  slag,  is  set 
aside  to  cooL  When  cold,  the  crucible  may  be  broken,  and  a  button 
of  metallic  lead,  which  must  be  cleaned  and  weighed,  will  be  found  at 
the  bottom. 

Instead  of  sodium  carbonate,  either  carbonate  of  potassium  or  black 
flux  may  be  used ;  but  when  the  last-named  substance  is  employed  a 
little  longer  time  is  necessary  for  the  complete  fusion  of  the  mixture. 

2o 
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Eveiy  100  parts  of  ptue  galena  will,  by  this  method,  affoid  from  75  to 
77  parts  of  metallic  lead,  indicating  a  loss  of  from  7  to  9  per  centb  on  the 
contents  of  the  ore. 

Some  of  the  older  assayers  were  in  the  habit  of  partially  expelling 
the  sulphur  by  roasting,  and  afterwards  reducing  the  resulting  oxide  with 
about  its  own  weight  of  black  flux. 

This  process,  from  the  easy  fusibility  of  the  sulphides  and  oxides 
of  lead,  requires  very  careful  manipulation,  and,  at  best^  the  results 
obtained  are  far  from  satisfactory.  Pure  galena,  by  this  method,  can 
rarely  be  made  to  afford  above  70  per  cent  of  metallic  lead. 

Second  Method  :  Fusion  with  Metallic  Iron, — ^This  process  depends  on 
the  circumstance,  that  when  galena  is  fused  in  contact  with  metallic 
iron,  that  metal  becomes  converted  into  ferrous  sulphide,  whilst  the  lead 
originally  combined  with  the  sulphur  is  liberated.  The  amount  of  iron 
actually  required  for  the  decomposition  of  pure  sulphide  is  about  22 '5 
per  cent. ;  but  it  is  advantageous,  in  practice,  to  add  a  small  excess 
of  this  metal,  and  30  parts  of  iron  to  every  100  parts  of  galena  may 
therefore  be  employed. 

The  iron  used  should  be  either  in  the  form  of  small  nails  or  in  that 
of  wire  cut  into  short  pieces.  This  mixturo  of  ore  and  metallic  iron  is 
placed  in  a  day  crucible,  of  which  it  should  not  fill  above  two-thirds  the 
capacity,  and  is  covered  with  a  thin  layer  of  either  sodium  carbonate  or 
borax.  The  crucible  with  its  contents  is  afterwards  heated  to  full  red- 
ness, by  which  a  well-fused  and  perfectly  liquid  slag  is  produced.  When 
the  contents  of  the  pot  are  in  a  state  of  tranquil  fusion,  it  is  removed 
from  the  furnace  and  allowed  to  cooL  It  is  then  broken,  and  at  the 
bottom  will  be  found  a  button,  which  at  first  sight  appears  to  have 
throughout  a  uniform  composition,  but  on  being  struck  with  a  hammer 
separates  into  two  distinct  parts.  The  upper  portion  consists  of  sul- 
phide of  iron,  which  crumbles  under  the  hammer  and  is  readily  removed; 
while  the  lower  part  is  a  button  of  malleable  lead,  which  must  be  cleaned 
and  weighed.  This  process  affords,  from  pure  galena,  about  78  per  cent 
of  metallic  lead.  The  loss  appears  to  arise  principally  from  the  volatility 
of  galena,  which  begins  to  be  driven  off  at  a  lower  temperature  than  is 
required  for  its  decomposition  by  iron. 

In  North  Wales  this  method  of  assay  is  sometimes  conducted  in  a 
manner  somewhat  different  from  that  described.  Instead  of  adding 
finely  divided  iron  to  the  ore,  the  pounded  mineral  is  heated,  without  the 
addition  of  any  kind  of  flux,  in  a  ladle  made  of  that  metaL  This  ladle 
or  dish  is  formed  out  of  a  thick  piece  of  plate-iron,  and  is  provided  with 
a  lip,  by  which  the  reduced  metal  is  poured  off,  and  with  four  projecting 
comer-pieces,  which  afford  a  holdfast  for  the  tongs  by  which  it  ')& 
removed  from  the  fire.  The  oro  to  be  operated  on  is  first  coarsely 
powdered  and  well  mixed,  so  as  to  ensure  a  fair  sample.  Eight  ounces 
are  now  weighed  out  and  placed  in  the  dish,  which  is  covered  with  a  lid 
of  sheet-iron,  and  gently  heated  in  the  fire  of  a  smith's  forge  until  the 
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ore  ceases  to  decrepitate.  The  temperature  is  then  raised  to  fnll  redness, 
■and  at  the  expiration  of  about  five  minutes  the  decomposition  of  the 
sulphide  will  be  completed.  At  this  point  the  dish  is  removed  from  the 
fire  and  the  reduced  lead  poured  into  a  cast-iron  mould,  while  the  slags 
and  sulphide  of  iron  formed  are  kept  back  in  the  dish  by  a  piece  of 
"wood  held  behind  the  spout  for  that  purpose.  The  dish,  together  with 
the  slags  and  iron  sulphide,  is  afterwards  again  placed  on  the  fire  and 
heated  to  bright  redness  during  another  five  minutes,  by  which  the  last 
portions  of  metallic  lead  adhering  to  the  slags  are  obtained.  The  con- 
tents of  the  dish  are  now  thrown  away,  as  not  containing  any  lead, 
^hile  the  metal  which  has  been  run  oflF  is  carefully  weighed.  This 
apparently  rude  method  affords,  in  experienced  hands,  remarkably  good 
xesults,  which  are  likewise  considered  to  approach  very  nearly  to  the 
practical  returns  obtained  during  metalluigical  treatment  on  the  large 
scale.  By  this  process,  pure  galena  yields  from  79  to  83  per  cent 
of  lead;  but  with  the  poorer  varieties  of  ore,  such  as  those  obtained 
from  some  of  the  Cornish  mines,  satisfactory  results  could  not  be  ob- 
tained, since,  from  the  infusibility  of  the  associated  gangue,  &c.,  a 
considerable  amount  of  lead  would  be  retained  in  the  slag.  The  ladles 
used  for  this  purpose  are  rudely  made  of  plate-iron,  which,  if  about 
one-fourth  of  an  inch  in  thickness,  will  last  during  three  or  four  separate 
trials. 

Third  Method  :  Fusion  with  Sodium  Carbonate  or  Black  Flux  and 
Metallic  Iron, — When  galena  and  sodium  carbonate  are  fused  together  out 
of  contact  with  the  air,  a  large  proportion  of  the  lead  is  liberated  in  the 
metallic  form,  but  the  slag  retains  a  certain  amount  of  that  metal  in 
the  state  of  a  double  sulphide  of  lead  and  the  alkali-metal 

If  iron  be  now  introduced,  the  sulphide  of  lead  contained  in  the 
slag  will  be  decomposed ;  metallic  lead  is  liberated,  and  the  slag  contains 
a  double  sulphide,  in  which  iron  will  have  replaced  the  lead  formerly 
present.  The  earthy  and  siliceous  matters  constituting  the  gangue  are 
also  dissolved  in  the  slag  without,  to  any  great  extent^  impairing  its 
fluidity. 

The  quantity  of  black  flux  or  sodium  carbonate  employed  varies  with 
the  richness  of  the  ore  operated  on ;  but  even  for  the  poorest  varieties 
two  parts  of  the  alkaline  reagent  will  be  found  sufficient.  The  iron, 
which  is  merely  used  to  separate  that  portion  of  the  lead  which  has  been 
dissolved  by  the  alkali  in  the  state  of  sulphide,  need  not  be  present  in 
sufficient  amount  to  effect  the  reduction  of  the  whole  of  the  lead  con- 
tained in  the  ore  treated.  Two  parts  of  black  flux  or  sodium  carbonate, 
and  from  10  to  15  per  ceni  of  metallic  iron,  either  in  the  state  of  filings 
or  in  the  form  of  nails,  will  be  found  a  convenient  quantity  for  this 
purpose. 

When  the  fusion  is  made  with  black  flux,  and  the  iron  is  in  the  state 
of  filings,  it  will  be  proper  not  to  add  too  large  an  excess,  especially  if 
the  assay  be  conducted  at  a  high  temperature,  as  in  that  cose  the  result- 
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ing  button  of  lead  will  contain  iron.  If,  however,  carbonate  of  sodium 
be  employed,  the  addition  of  a  small  excess  of  iron  is  attended  with 
advantage,  as  it  ensures  the  complete  desulphurization  of  the  galena  with* 
out  affecting  the  purity  of  the  resulting  lead. 

Iron  filings,  when  employed  for  this  purpose,  are  liable  to  become 
mechanically  intermixed  with  the  lead,  and  thereby,  to  a  certain  extent, 
falsify  the  results.  This  inconvenience  is  obviated  by  the  use  of  small 
iron  nails,  which  are  corroded  only  on  the  outside,  and,  at  the  termina- 
tion of  the  assay,  are  found  fixed  in  the  upper  surface  of  the  button,  from 
which  they  can  without  difficulty  be  separated.  Pure  galena,  when  thus 
treated,  yields  from  75  to  78  per  cent,  of  metallic  lead. 

The  following  process  is  a  slight  modification  of  that  long  employed 
at  the  £cole  des  Mines,  Paris.  Two  earthen  crucibles  are  prepared  by 
smearing  their  insides  with  black-lead,  such  as  that  used  for  stove 
polishing,  and  in  each  of  these  are  placed,  with  their  heads  downwards, 
three  or  four  large  flooring-nails.  Mix  the  ore  to  be  assayed  with  its 
own  weight  of  sodium  carbonate,  and,  after  having  placed  it  in  the  pota^ 
press  it  tightly  down  about  the  nails.  On  the  top  of  this,  place  about 
half  an  ounce  of  common  salt,  and  above  it  an  amount  of  dried  borax 
equivalent  to  the  weight  of  ,the  ore  operated  on.  The  whole  is  now 
introduced  into  the  furnace  and  gradually  heated  to  redness ;  at  the 
expiration  of  ten  minutes  the  temperature  is  increased  to  bright  redness, 
at  which  it  is  kept  for  another  ten  minutes,  when  the  flux  will  be  fused 
and  will  present  a  perfectly  smooth  surface.  When  this  has  taken  place, 
the  pot  is  removed  from  the  fire,  and  the  nails  are  separately  withdrawn 
by  the  use  of  a  pair  of  tongs,  care  being  taken  to  well  wash  each  in  the 
fluid  slag  until  perfectly  freed  from  adhering  lead.  When  the  nails  have 
all  been  withdrawn,  the  pot  is  gently  tapped,  to  collect  the  metal  into 
one  button,  and  then  laid  aside  to  cool ;  after  which  it  is  broken,  and 
the  button  of  lead  removed  and  cleaned  in  the  usual  way.  The  result 
is  then  verified  by  a  second  assay,  made  in  the  other  pot. 

When  carefully  conducted,  this  process  is  said  to  afford,  from  pure 
galena,  from  84  to  84f  per  cent  of  metallic  lead.  It  id,  however,  Ikble 
to  the  objection,  that  the  lead  produced  sometimes  contains  fragments  of 
iron,  arising  from  the  nails  being  most  energetically  acted  on  at  the  point 
of  contact  between  the  flux  and  the  galena,  which,  when  the  slag  becomes 
fused,  occupies  the  lower  portion  of  the  crucible ;  by  this  means  portions 
of  iron  may  become  detached  and  adhere  firmly  to  the  button,  from  which 
there  is  sometimes  difficulty  in  removing  them.  The  writer  has  never 
obtained  by  this  process  above  83  per  cent  of  metal  from  the  purest 
specimens  of  galena,  but,  notwithstanding,  it  affords  results  sufficiently 
accurate  for  many  commercial  purposes.  In  all  cases  where  earthen 
crucibles  are  employed  the  assay  may  be  poured  into  an  iron  mould, 
instead  of  breaking  the  pot;  the  crucible  can  be  thus  preserved  and 
used  for  a  second  assay. 

In  place  of  adding  metallic  iron  to  the  mixture  of  ore  and  flux  intro- 
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duced  into  the  crQcible,  it  is  better  that  the  pot  itself  should  be  made  of 
that  metal. 

For  this  purpose,  a  piece  of  half-inch  plate-iron,  of  good  quality,  is 
turned  up  in  the  form  of  a  crucible  and  carefully  welded  at  the  edges ; 
the  bottom  is  closed  by  a  thick  iron  rivet,  which  is  securely  welded  to 
the  sides,  and  the  whole  is  then  finished  up  with  a  light  hammer  on  a 
properly  formed  mandrel  The  crucible,  when  finished,  should  have  the 
form  represented  in  fig.  1 69.  To  make  an  assay  in  a  crucible 
of  this  description  it  is  first  heated  to  dull  redness,  and, 
when  sufficiently  hot^  the  powdered  ore,  intimately  mixed 
with  about  its  own  weight  of  a  mixture  of  two  parts  of 
sodium  carbonate  and  one  part  of  dried  borax,  is  intro- 
duced by  means  of  a  long  copper  scoop  of  the  form  repre-  ^^'  ^^' 
sen  ted  in  ^g,  170,  and  the  crucible,  which,  for  the  introduction  of  the 
mixture,  has  been  removed  from  the  fire,  is  immediately  replaced  The 
heat  is  now  gradually  raised  to  redness,  during  which  time  the  contents 


Fig.  170. 


Fig.  171. 


become  liquid  and  give  off  large  quantities  of  gas.  At  the  expiration 
of  from  ten  to  fifteen  minutes  the  mixture  willj.be  observed  to  be  in  a 
state  of  tranquil  fusion,  when  the  pot  is  partially  removed  from  the  fire 
and  its  contents  are  briskly  stirred  with  an  iron  rod. 
Any  matters  adhering  to  its  sides  are  also  scraped  down 
to  the  bottom  of  the  pot,  which,  after  being  again 
placed  in  a  hot  part  of  the  furnace,  is  closed  with  an 
earthen  cover  and  heated  during  three  or  four  minutes 
to  somewhat  bright  redness.  The  crucible  is  then 
seized  by  strong  bent  tongs  on  that 
part  of  the  edge  which  is  opposite  the 
projecting  lip,  a  (fig.  169),  and,  after 
being  removed  from  the  fire,  its  con- 
tents are  rapidly  poured  into  a  cast- 
iron  mould,  fig.  171.  Another  form 
of  mould  is  represented  in  fig.  172.  Fig.  172. 

The  sides  of  the  pot  are  now  care- 
fully scraped  down  with  a  chisel-edged  iron  bar,  and  the  adhering 
particles  of  slag  and  of  metallic  lead  are  added  to  the  portion  first 
obtained,  by  sharply  striking  the  edge  of  the  pot,  firmly  held  in  the  jaws 
of  the  tongs,  against  the  top  of  the  cast-iron  mould.  When  sufficiently 
cold  the  contents  of  the  mould  are  removed,  and  the  button  of  lead, 
after  having  been  separated  from, the  adhering *slag,  is  carefully  cleaned 
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and  weighed.  By  this  process  pure  galena  yields,  on  an  average,  84  per 
cent,  of  metallic  lead,  free  from  iron,  and  perfectly  malleable.  This 
method  of  assaying  is  that  which  is  in  almost  universal  use  in  lead- 
smelting  establishments,  and  has  the  advantage  of  yielding  good  results 
with  all  the  ores  belonging  to  the  second  class.  A  larger  amoxmt  of  lead 
is,  however,  obtained  by  assay  than  can  be  produced  from  the  same  ores 
in  the  large  way ;  and  on  this  account  the  smelter  makes  an  allowance 
in  accordance  with  the  nature  of  the  ore  treated. 

Instead  of  using  iron  pots,  or  adding  metallic  iron  to  the  ores,  they 
may  be  fused  with  a  mixture  of  black  flux  and  oxide  of  iron;  this 
method,  however,  does  not  afford  satisfactory  results,  and  is  not  so  con- 
venient as  the  processes  in  which  an  iron  pot  is  employed. 

Fourth  Method  :  Fusion  with  Sodium  Carbonate  and  Nitre. — ^When 
galena  is  treated  with  nitrate  of  potassium,  the  whole  of  its  sulphur  is 
converted  into  SO^,  before  any  portion  of  the  lead  is  oxidized ;  and  it 
consequently  follows,  that  if  a  suitable  amount  of  nitre  were  employed 
the  desulphurization  of  the  metal  would  be  completely  effected,  and  the 
whole  of  the  lead  obtained  in  the  metallic  state.  To  prevent  any  loss 
which  might  arise  from  the  deflagration  which  takes  place,  the  ore  is 
mixed  with  twice  its  weight  of  sodium  carbonate,  and  to  this,  in  accord- 
ance with  the  richness  of  the  ore,  is  added  from  30  to  35  per  cent  of 
nitrate  of  potassium.  When  too  large  a  quantity  of  nitre  is  employed,  a 
portion  of  the  metal  will  be  oxidized  and  remain  in  the  slag,  causing  a 
corresponding  deficiency  in  the  weight  of  the  button  obtained;  there- 
fore, as  the  proper  amount  can  only  be  ascertained  by  repeated  experi- 
ments, this  process  is  but  ill  adapted  for  the  assay  of  ores  for  lead. 

When,  on  the  contrary,  an  ore  contains  silver,  and  that  metal  only  is 
to  be  estimated,  regardless  of  the  amount  of  lead  present,  this  process 
may  sometimes  be  employed  with  considerable  advantage,  although  it  is 
generally  less  to  be  recommended  than  fusion  with  sodium  carbonate 
and  borax  in  a  wrought-iron  pot,  as  before  described.  The  assay  with 
nitre  is  very  easily  conducted.  The  fusion  takes  place  readily,  and 
without  bubbling,  and  the  slag,  which  is  very  liquid,  contains  no  metallic 
shot.  In  conducting  this  operation,  the  amount  of  nitre  should,  if 
possible,  be  so  arranged  as  to  afford  the  largest  quantity  of  metallic 
lead ;  but  it  is  of  importance  that  enough  to  decompose  the  whole  of  the 
sulphide  should  be  employed,  since  if  the  slag  retain  any  unoxidized 
sulphur-compound  a  loss  of  silver  may  be  experienced.  When,  on  the 
other  hand,  too  large  a  proportion  of  nitre  has  been  used,  the  accuracy 
of  the  silver  estimations  will  not  be  impaired,  as  lead  alone  is  oxidised, 
and  the  whole  of  the  silver  will  be  contained  in  the  metallic  button. 

Assay  op  Galena  containinq  Antimont. — Many  of  the  ores  of  lead 
contain  a  certain  proportion  of  antimony,  and  from  such  minerals,  ac- 
cording to  Berthier,  the  assayer  can  obtain,  at  will,  either  pure  lead,  or  a 
mixture  of  the  two  metals  in  the  form  of  an  alloy. 

To  extract  pure  lead  the  ore  may  be  fused  in  an  open  crucible,  with 
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three  times  its  weight  of  sodium  carbonate,  when  the  lead  will  he 
liberated  in  the  metallic  form,  while  the  antimony,  becoming  oxidized, 
unites  with  the  alkali  and  remains  wholly  in  the  slag.  The  presence  of 
antimony  in  the  slag  also  prevents  its  retaining  any  portion  of  the  lead, 
and  from  this  cause  a  tolerably  exact  separation  of  the  two  metals  is 
obtained. 

When,  in  addition  to  lead  and  antimony,  an  ore  contains  silver,  it 
should  be  assayed  by  being  heated  with  a  mixture  of  sodium  carbonate 
and  nitre,  by  which  the  antimony  will  be  oxidized  and  retained  in  the 
slag,  while  the  lead  and  silver  are  obtained  in  the  state  of  an  alloy.  In 
this  case  it  is  only  necessary  to  add  a  sufficient  amount  of  nitre  to  e£fect 
the  total  decomposition  of  the  sulphides,  as  even  when  the  whole  of  the 
antimony  and  a  portion  of  the  lead  have  been  oxidized  no  loss  of  silver 
is  experienced ;  but  when,  on  the  contrary,  the  slags  contain  undecom* 
posed  sulphide  of  antimony,  a  small  portion  of  the  silver  is  lost 

When  it  is  required  to  reduce  at  the  same  time  both  the  antimony  and 
lead,  the  ore  may  be  fused  with  a  mixture  of  borax  and  sodium  carbonate 
in  an  iron  pot,  in  accordance  with  the  process  before  described  for  assay- 
ing lead. 

Sulphate  of  lead  is  readily  reduced  by  simple  fusion  with  black  flux 
and  sodium  carbonate  in  an  earthen  crucible ;  but  when  phosphates  and 
arsenates  are  present  in  ores  of  this  metal  their  assay  should  be  con- 
ducted in  an  iron  pot,  with  a  proper  admixture  of  sodium  carbonate  and 
fused  borax. 

Yarious  methods  have  been  proposed  for  the  estimation  of  lead  by 
standardized  solutions,  but  none  of  them  appears  to  have  been  successfully 
applied  to  the  assaying  of  lead  ores. 


ESTIICATION   OF  SiLVBB  IN   LbAD   ObBS. 

From  the  amount  of  silver  contained  in  many  varieties  of  galena 
and  other  ores  of  lead  it  becomes  necessary,  in  order  to  determine  their 
commercial  values,  to  ascertain  with  great  exactitude  their  yield  of  this 
metaL 

For  tins  purpose,  the  button  of  lead,  from  any  of  the  assay  processes 
already  described,  is  subjected  to  the  operation  known  as  cupellation. 
This  process  is  foxmded  on  the  circumstance  that  when  lead  containing 
silver  is  melted  and  exposed  to  a  current  of  air  at  a  red  heat^  oxide  of 
lead  is  formed,  which  melts  and  covers  the  metal ;  but  if  the  operation 
is  so  conducted  that  the  melted  oxide  or  litharge  is  removed  as  it  forms, 
the  action  continues  until  the  whole  of  the  lead  is  oxidized,  and  the 
silver  is  left  in  the  metallic  state.  This  is  done  in  the  assay  furnace  by 
the  use  of  shallow  thick-bottomed  dishes  made  of  bone-ash,  a  substance 
chemically  indifferent  to  oxide  of  lead  and  impermeable  to  the  metal, 
but  susceptible  of  absorbing  melted  litharge  in  quantity. 
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These  dishes,  called  cupels,  figs.  173  and  174,  the  first  of  which  is  a 
section,  are  made  of  bone-ash,  slightly  moistened  with 
water,  and  tightly  consolidated  by  pressure  in  an  iron 
mould. 

A  convenient  furnace  for  cupellation  is  represented  in 
fig&  175  and  176,  of  which  the  first  is  an  elevation  and  the  second  a 
vertical  section.    The  material  of  which  this  furnace  is  made  is  wroughlr 


.Flg.178.    Fig.  174. 


Fig.  17fib 


Fig.  176. 


iron,  lined  with  fire-tiles,  as  shown  in  the  drawing.     The  muffle,  m, 
is  a  small  D-shaped  retort  of  fire-clay,  closed  at  one  of  its  extremities 

only,  and  sometimes  furnished  with  holes 
"_  ___jiiint_^^__^^^  or  perpendicular  openings  in  the  sides  and 
f  f  f  M  '^^ii^Si^Kv  ^^^*  ^^  order  to  allow  of  a  free  circulation 
I  I  I  (.^^^M^^^tt\  ^^  ^^'  ^^^'  ^^^  represents  such  a  muffle 
---^J^^j^^^l  HP^^i  before  its  introduction  into  the  furnace. 
When  fixed,  it  is  so  arranged  that  while 
one  of  its  extremities  is  supported  by  a 
proper  shelf  the  other  corresponds  with 
the  opening  d\  to  the  sides  of  which  it  is  luted  by  a  little  moistened  fire- 
clay. This  position  of  the  mufile  allows  of  its  being  heated  on  eveiy 
side  by  a  supply  of  ignited  fuel,  while  air  entering  by  the  opening,  (ff 
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circulates  through  the  inteiior.  The  cavity  of  the  muffle  is  in  this 
way  traversed  by  a  highly  oxidizing  current  of  air,  and  the  draught 
of  the  furnace  is  increased  by  the  addition  of  a  sheet-iron  chimney,  c 
To  light  this  apparatus  a  little  ignited  coke  or  charcoal  is  introduced 
through  the  opening,  d  ;  the  furnace  is  afterwards  filled  with  the  same 
fuel,  and  all  the  openings,  excepting  the  ash-pit,  a,  are  closed  by  their 
proper  slides.  When  the  charcoal  or  coke  is  properly  ignited,  and  the 
muffle  has  become  red  hot,  six  or  eight  cupels,  which  have  been  warming 
on  the  ledge  around  the  chimney,  are  taken  by  the  tongs,  ^g.  178,  and 
placed  on  the  floor  of  the  muffle,  which,  to  prevent  its  becoming  corroded, 
if  any  lead  should  be  spilt  upon  it,  is  previously  covered  with  a  thin 
layer  of  ground  bone-ash. 


Tig.  178. 

The  opening,  d\  is  again  closed,  so  as  to  prevent  the  introduction  of 
cold  air,  and  the  cupels  are  raised  to  the  temperature  of  the  muffle 
itself.  When  this  is  the  case,  the  door  is  ag&in  removed,  and  into  each 
of  the  cupels  is  introduced,  by  a  pair  of  slender  steel  tongs,  a  button  of 
the  lead  to  be  assayed*  The  door  is  now,  a  second  time,  closed  during 
a  few  minutes,  to  facilitate  the  fusion  of  the  metal,  and  on  its  removal 
each  of  the  cupels  is  found  to  contain  a  bright  convex  metallic  disc, 
in  which  state  the  assays  are  said  to  be  uncovered.  The  air  thus  admitted 
rapidly  converts  the  lead  into  litharge,  which,  as  fast  as  it  is  produced,  is 
absorbed  by  the  bone-ash  of  the  cupel,  and  at  the  same  time  there  arises 
a  white  vapour,  which  partially  fills  the  muffle,  and  either  escapes  at 
the  mouth,  or  is  carried  off  through  the  openings  in  its  sides.  An  annular 
stain,  which  gradually  extends,  is  at  the  same  time  formed  around  the 
metal,  and  penetrates  into  the  substance  of  the  cupel,  in  proportion  as  the 
metallic  globule  itself  diminishes  in  size.  When  nearly  the  whole  of 
the  lead  has  been  thus  converted  into  litharge,  and  has  been  absorbed,  the  * 
remaining  bead  of  rich  alloy  appears  to  become  agitated  by  a  circular 
movement,  by  which  it  seeins  to  be  made  to  revolve.  At  this  stage  of 
the  operation  the  agitation  will  be  observed  suddenly  to  cease,  and  the 
button,  after  having  for  a  moment  emitted  a  bright  flash  of  light,  becomes 
white  and  immovable. 

This  phenomenon  is  called  the  brightening  of  the  assay,  and  a  button 
of  silver  remains  on  the  cupeL 

If  the  cupel  were  at  this  period  abruptly  removed  from  the  muffle 
the  metallic  globule  would  be  liable  to  eprout  or  vegetate^  by  which  a 
portion  of  it  is  not  unfrequently  thrown  off  and  lost,  while  its  surface  is 
covered  by  numerous  arborescent  asperities.  To  prevent  this  from  taking 
place,  and  to  guard  against  the  loss  of  metal  which  might  ensue,  the 
cupel  on  which  the  button  of  silver  has  brightened  may  be  covered  by 
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another,  kept  red  hot  for  that  purpose.  The  two  are  subsequently  with- 
drawn together,  and  allowed  to  remain  on  the  ledge  before  the  mufile 
until  the  metal  has  become  solidified,  when  the  upper  cupel  may  be 
removed,  and  the  globule  of  silver  detached  and  weighed. 

From  the  circumstance  that  silver  is  sensibly  volatile  at  very  elevated 
temperatjures,  it  becomes  necessary  to  make  cupellations  for  this  metal 
at  the  lowest  heat  by  which  the  absorption  of  litharge  can  he  deter- 
mined If,  however,  the  cupel  be  not  sufficiently  hot,  an  annular  incruB- 
tation  of  crystalline  lithaige  will  accumulate  around  its  edges,  and  if,  at 
this  point,  the  fire  be  not  immediately  attended  to,  the  deposit  of  oxide 
spreads  over  the  whole  surface  of  the  metal,  and  its  further  oxidation  is 
arrested. 

The  temperature  best  suited  for  this  operation  is  obtained  when  the 
muffle  and  the  enclosed  cupels  are  at  a  full  blood-red  heat,  and  the 
vapours  which  arise  from  the  alloy  curl  gradually  away  and  are  promptly 
removed  by  the  draught.  When  the  muffle  is  heated  almost  to  whiteness, 
and  the  vapours  rise  to  the  crown  of  the  arch,  the  temperature  is  too 
high,  and  when,  on  the  contrary,  the  fumes  lie  over  the  bottom,  and  the 
sides  of  the  openings  in  the  muffle  begin  to  blacken,  more  fuel  must  be 
added  through  the  door,  ^  and  the  heat  gradually  raised.  When  the 
operation  is  conducted  at  a  proper  temperature,  the  cupel  should  he  o! 
a  full-red  colour,  and  the  fused  alloy  bright  and  convex.  At  the  com- 
mencement of  the  operation  the  heat  must  be  a  little  raised,  for  the 
purpose  of  fusing  and  uncovering  the  button,  and  just  before  the  globule 
is  about  to  brighten  a  slight  elevation  of  temperature  is  again  advan- 
tageous, but  if  a  good  red-heat  has  been  kept  up  during  the  working  of 
the  assay,  this  is  not  necessary. 

The  success  of  the  operation  is  likewise  influenced  by  the  force  of  the 
draught  passing  through  the  muffle.  When  the  current  is  too  rapid, 
the  cupel  becomes  cooled,  and  the  lead  is  oxidized  with  greater  rapidity 
than  it  should  be.  In  this  case  the  litharge  produced  is  sometimes  not 
absorbed  by  the  test  as  fast  as  it  is  generated,  and  consequently  the 
surface  of  the  alloy  is  covered  by  a  layer  of  lead  oxide,  by  which  it 
may  ultimately  become  protected  from  further  oxidation.  When,  on 
the  contrary,  the  current  is  too  feeble,  the  assay  remains  too  long  in  the 
muffle. 

If  an  assay  has  been  properly  conducted,  the  button  of  silver  is 
round,  bright,  and  smooth  on  its  upper  surface,  and  beneath  should  he 
crystalline,  and  of  a  dead-white  colour ;  it  is  easily  detached  from  the 
cupel,  and  readily  freed  from  adhering  litharge.  This  globule  is  now 
removed  and  squeezed  between  the  jaws  of  a  pair  of  pliers,  by  which 
the  oxide  of  lead,  which  attaches  itself  to  it,  becomes  pulverized,  and 
is  easily  removed  by  a  small  brush  made  of  stiff  hoge^  bristles.  The 
cleaned  metallic  bead  is  afterwards  weighed  in  a  balance  capable  of 
turning  with  y,^*^  grain. 

The  fuel  employed  in  the  furnace  above  described^  after  it  has  once 
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got  into  steady  action,  consists  of  small  pieces  of  hard  coke.  When, 
in  addition  to  silver,  ores  of  lead  likewise  contain  gold,  the'  button 
remaining  on  the  cnpel  will  consist  of  an  alloy  of  these  metals,  the 
separation  and  estimation  of  which  will  be  treated  of  nnder  the  head 
of  parting  when  describing  the  assay  of  gold  ores. 

In  laboratories  in  which  assays  of  gold  and  silver  are  constantly 
made,  the  furnace  above  described,  which  has  holes  in  two  opposite  sides 
closed  by  stoppers,  t  (and  can  consequently  be  used  as  a  tube-furnace), 
is  inconvenient,  on  account  of  its  small  size,  &c.  For  this  reason,  either 
fire-clay  furnaces  bound  with  iron,  or  stationary  furnaces,  forming  part 
of  the  building  of  the  laboratory,  are  frequently  employed. 

Silver  contained  in  lead  or  ores  is  reported  in  troy  ounces,  dwts.,  and 
grains,  per  ton  of  2,240  lbs. ;  and  in  metrical  countries  in  grammes  per 
tonne  (1,000  kilogrammes). 


Tabls  showing  thb  Amount  of  Silyeb  to  thx  Ton  of  Obk,  ooBBxspoNDwa 

TO  THX  WXIOHT  OBTAINED  FBOM   400  GBAINS. 


If  400  Grains  of 

Ore  give  Fine 

Jietal 

One  Ton  of  Ore 
wiU  jleld 

If  400  Grains  of 

Ore  give  Fine 

Metal 

One  Ton  of  Ore  wlU 
yield 

gr. 

OS.   dwt.  gr. 

ST. 

OB.    dwt.  gr. 

•001 

0       1     15 

•200 

16       6     16 

•002 

0       8       6 

•800 

24     10       0 

•008 

0       4     21 

•400 

82     13       8 

•004 

0       6     12 

•500 

40     16     16 

•005 

0       8       4 

•600 

49      0      0 

•006 

0       9     19 

•700 

57      8      8 

•007 

0     11     10 

•800 

65      6     16 

•008 

0     13       1 

•900 

78    10      0 

•009 

0     14     16 

1-000 

81     18      8 

•010 

0     16      8 

2-000 

163      6    16 

•020 

1     12     16 

3000 

245      0      0 

•080 

2      9      0 

4-000 

326    13      8 

•040 

8      5      8 

6-000 

408       6    16 

•050 

4       1     16 

6000 

490      0      0 

•060 

4     18      0 

7-000 

571     13      8 

•070 

5     14      8 

8-000 

653      6     16 

•080 

6     10     16 

9000 

785      0      0 

•090 

7       7      0 

10-000 

816    13      8 

•100 

8      8      8 

The  bone-ash  employed  for  making  cupels  is  first  passed  through  a 
sieve  of  wire  gauze,  and  afterwards  mixed  with  water  until  sufficiently 
moistened  to  retain  the  mark  of  the  fingers,  when  a  handful  is  taken  up  and 
tightly  squeezed.  To  cause  the  cupels  when  made  to  be  sufficiently  firm 
and  resistant,  a  little  potassium  carbonate  is  often  added  to  the  water 
employed  for  moistening  the  bone-ash.  The  amount  of  alkaline  carbonate 
required  for  this  purpose  is  exceedingly  small,  as  a  fragment  of  the  size 
of  a  nut  will  be  sufficient  to  add  to  a  pint  of  water.  Instead  of  water, 
some  persons  use  sour  beer,  and  in  this  case  dispense  with  the  use 
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of  alkalL  The  mould  in  which  the  cupels  are  formed,  fig.  179,  usually 
consists  of  a  bevelled  steel  ring,  b,  and  a  die,  a^  made  of  the  same  metal, 
and  often  fitted  with  a  wooden  handle.  To  make  the  cupel,  this  caYity  is 
nearly  filled  with  the  moistened  bone-ash,  which  is  first  compressed 
slightly  by  the  hand  and  afterwards  with  the  die,  which  is  tightly  driven 
into  the  ring  by  the  use  of  a  wooden  mallet,  fig.  180.    When  sufficiently 

consolidated  the  die  is  withdrawn,  and, 
by  introducing  a  wooden  cylinder  exactly 
filling  the  aperture,  the  cupel  is  without 
difficulty  removed.  The  use  of  the  wooden 
cylinder  is  somewhat  liable  to  crumble 
the  edges  of  the  cupel ;  and  for  this 
reason  a  loose  iron  plate,  c,  exactly  fitting 
the  bottom  of  the  mould,  is  often  intro- 
duced before  the  bone-ash  is  placed  in  its 
When  this  precaution  is  taken,  the  iion 
protects  the  bottom  of  the  cupel,  and 
enables  the  operator  to  use  considerable 
force  without  injury  to  the  edges  of  the 
newly  made  test  The  iron  plate  has 
obviously  to  be  replaced  at  each  operation,  and,  with  the  cupel  before  it, 
is  again  forced  out  of  the  mould.  In  establishments  in  which  a  laige 
number  of  cupels  are  used  they  are  frequently  made  by  the  aid  of  a  screw- 
press.  When  made,  they  are  set  aside  to  dry,  and  are  then  ready  for 
use ;  but  it  is  better,  if  possible,  to  keep  cupels  at  least  three  or  four 
weeks  in  a  dry  place  before  using  them. 


Fig.  179. 


Fig.  180. 
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By  far  the  larger  proportion,  probably  above  nine-tenths  of  the  lead 
annually  produced,  is  obtained  from  galena,  which  before  coming  into 
the  hands  of  the  smelter  is  freed,  by  careful  mechanical  preparation, 
from  the  principal  part  of  the  earthy  and  siliceous  veinstone  with  which 
it  was  originally  associated.  The  metallurgical  treatment  of  the  ores  of 
lead  may  be  effected  by  either  of  the  following  general  methods : — 

Firstly. — By  the  method  of  double  decompositions,  or,  as  it  is  some- 
times called,  metlwd  by  reactions  (Rdstreactionsarbeit),  This  is  founded 
on  the  fact  that  when  PbS  is  roasted  at  a  gentle  heat,  it  is  partially 
converted  into  PbO  and  partly  into  PbSO^,  and  that  on  raising  the 
temperature  the  following  reactions  are  set  up  : — 

2PbO  +  PbS  =  8Pb  +  SO, 
PbS04+  PbS  =  2Pb  +  2S0,. 

Secondly. — By  roasting  and  subsequent  reduction  of  the  oxidized  pro- 
ducts, chiefly  by  carbonaceous  matter  (Rdstreductionsarbeii). 

Thirdly. — By  the  precipitation  process  {Neiderschlagsarbeit),  in  which 
desulphurization  of  the  lead  is  effected  by  metallic  iron. 
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Two  of  these  processes,  and  sometimes  even  all  of  them,  may  be  com- 
bined in  the  trealsnent  of  a  lead  ore. 

Lead-smelting  is  conducted  in  three  distinct  varieties  of  apparatus, 
which  may  be  thus  classified  : — 

1.  Reverheratory  furnaces, 

2.  Blast-furnaces. 

3.  Shallow  hearths. 

Smelting  in  Ebyerberatory  Furnaces. 

Flintshire  Procbbs. — This,  which  is  essentially  a  method  by  double 
decompositions,  comprehends  the  following  succession  of  operations  : — 

Calcination  at  a  low  heat  in  order  to  produce  a  certain  amount  of 
oxide  and  sulphate  of  lead. 

So  raising  the  temperature  as  to  determine  the  fusion  of  the  cal- 
cined products,  thereby  causing  the  liberation  of  a  large  amount  of  lead 
by  the  reaction  of  its  oxide  and  sulphate  upon  unchanged  sulphide. 

The  incorporation  of  the  residue  with  lime,  and  the  reduction  of 
the  unchanged  sulphide,  with  formation  of  a  larger  amount  of  oxidized 
lead-compounds  than  is  required  to  effect  the  decomposition  of  the  sulphide 
of  lead. 

Tapping  the  reduced  lead,  and  the  subsequent  removal  of  the  pasty 
grey  slag  by  drawing. 

The  furnace  employed  for  the  reduction  of  lead  ores  by  the  Flint- 
shire process  varies  somewhat  in  its  construction  and  dimensions ;  the 
length  of  the  hearth  is  usually  about  11  feet,  and  its  width  9  feet,  and 
under  this  is  an  arched  vault,  extending  the  whole  length  of  the  bed  to 
the  fire-bridge.  The  hearth  is  made  of  slag,  moulded  into  the  proper 
foim  when  in  a  plastic  and  semi-fused  state,  and  has  towards  its  centre 
a  depression  in  which  the  fused  metal  accumulates,  and  at  the  bottom  of 
which  is  situated  the  tap-hole.  The  fire-place  is  at  one  end,  and  before 
reaching  the  cavity  of  the  furnace  the  flame  has  to  pass  over  a  fire-bridge, 
about  2  feet  in  width  and  from  12  to  14  inches  below  the  arch ;  at  the 
opposite  extremity  of  the  hearth  are  openings  communicating  with  a  flue 
in  connection  with  a  lofty  chimney.  The  fuel  is  supplied  through  a 
door  at  one  end  of  the  fire-place,  in  addition  to  which  the  furnace  is 
furnished  with  six  working  doors,  about  9  inches  by  12,  protected  by 
heavy  cast-iron  frames  built  into  the  brickwork,  and  closed  by  iron  plates, 
which  can  be  easily  removed  when  required.  The  bottom  of  this  furnace 
is  made  nearly  level  with  the  doors  on  one  of  the  sides,  but  is  inclined 
towards  the  other  in  such  a  way  as  to  be  from  18  to  20  inches  below 
the  middle  door,  where  it  communicates  with  the  tap-hole  A*'fcast-iron 
tapping-pot  is  set  in  the  ground  beneath  the  tap-hole,  and  on  the  top  of 
the  furnace  is  a  hopper,  from  which  a  fresh  charge  of  ore  is  let  down  as 
soon  as  that  which  is  being  worked  is  withdrawn. 

The  charge  of  such  a  furnace  is  usually,  in  North  Wales,  21  cwts.,  but 
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as  much  as  24  cwts.  is  sometimes  operated  on  at  one  time.  In  the 
neighbourhood  of  Newcastle  the  chaiges  are  usually  smaller.  As  soon 
as  the  lead  from  the  preceding  operation  has  been  tapped  off,  and  the 
slags  cleared  out  and  removed,  another  charge  of  ore  is  dropped  from 
the  hopper  upon  the  hearth,  which  is  at  this  time  barely  red  hoi  This 
is  spread  in  a  tolerably  even  layer  over  the  surface  of  the  bed,  care 
being  taken  to  prevent  any  portion  of  it  from  falling  into  the  deep  part 
or  well  of  the  furnace.  The  charge  is  now  frequently  stirred  during 
two  hours,  the  supply  of  air  being  regulated  by  the  partial  opening  or 
closing  of  the  various  doors,  and  the  highest  temperature,  compatible 
with  keeping  the  charge  free  from  clotting,  is  maintained.  At  the  expi- 
ration of  this  period  the  fire-bars  are  clinkered,  and  fresh  fuel  is  thrown 
upon  the  grate.  The  charge  now  begins  to  assume  a  pasty  condition,  and 
any  portions  which  may  have  run  down  towards  the  tap-hole  are  brought 
back  to  the  higher  parts  of  the  hearth.  The  doors  are  then  opened  for 
the  purpose  of  lowering  the  temperature,  and  as  soon  as  the  chaige 
has  acquired  the  consistency  of  stiff  mortar,  it  is  spread  before  the  fire- 
bridge and  upon  the  portions  of  the  hearth  furthest  removed  from  the 
tap-hole. 

This  accomplished,  the  fire-  and  furnace-doors  are  again  closed,  the 
charge  is  run  down  as  quickly  as  possible  into  the  well,  and  a  couple 
of  shovelsful  of  slaked  lime  are  thrown  upon  its  surface  and  incorporated 
with  the  mass  by  stirring  with  a  rake.  By  this  means,  the  sli^  and 
unreduced  ores  are  rendered  sufficiently  pasty  to  allow  of  their  being 
again  arranged  or  Bet-up  on  the  sloping  sides  of  the  hearth,  where  they 
are  calcined  for  about  half  an  hour,  and  again  run  down ;  during  this 
latter  portion  of  the  operation,  a  little  coal-slack  is  sometimes  thrown 
upon  the  charge.  When  the  whole  of  the  charge  has  again  collected  in 
the  bottom,  a  further  addition  of  slaked  lime  is  made,  and  the  slag  is 
pushed  off  from  the  surface  of  the  metal  upon  the  inclined  sides  of  the 
well,  where  it  is  allowed  to  drain.  The  lead  is  now  tapped,  and  the 
grey  slag  is  withdrawn  in  pasty  lumps  through  the  doors  at  the  back  ot 
the  furnace.^ 

The  slags  and  mattes  which  accumulate  on  the  surface  of  the  tapping- 

^  The  following  aaalysiB  of  grey  slag  from  a  Flintshire  f nmaoe  waa  madd  in  Pr* 
Percy's  laboratory  by  Mr.  0.  Tookej  : — 

PbS ;       .        .  0-90 

PbS04 9-85 

PbO 48-87 

ZnO 7-52 

CaO 12-68 

AljOj 3-01 

FezO* 2-86 

SiOs  (combined) 12*52 

Insoluble  residue 1*45 

99-66 
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pot  contain  a  considerable  amount  of  mechanically  intennixed  lead,  to 
separate  which  a  paddle  is  inserted,  and  the  whole  is  well  stirred.  Some 
coal-slack  is  now  thrown  in  and  well  worked  up  with  the  contents  of  the 
pot;  this  gives  ofif  a  considerable  amount  of  gas,  which  being  ignited 
a£fords  sufficient  heat  to  liberate  the  metallic  lead.  The  surface  is  then 
skimmed,  the  skimmings  being  at  once  thrown  back  into  the  furnace, 
and  the  lead  is  laded  out  into  cast-iron  moulds.  After  this  the  tap-hole 
is  again  opened,  and  the  lead  from  the  skimmings  run  out  into  the  pot, 
where  it  is  allowed  to  remain  until  that  resulting  from  the  next  charge  is 
withdrawn.  The  tap-hole  is  now  closed,  and  another  charge  let  down 
into  the  furnace  from  the  hopper  placed  above  it 

In  Flintshire  the  lead  ores  treated  by  this  process  generally  contain 
from  75  to  80  per  cent  of  lead,  and  a  charge  of  such  ore  may  be  worked 


Fig.  181.— Smelting-Fumaoe,  CouSron ;  longitudinal  ■ecUon. 


in  from  five  and  a  half  to  six  hours,  yielding  about  90  per  cent,  of  the 
total  quantity  of  the  lead  obtained ;  the  remaining  10  per  cent,  being 
subsequently  extracted  from  the  slags  and  fume  in  a  blast-furnace. 

Modification  of  the  Flintshibb  Processes  at  Cou£ron. — The  con- 
struction of  the  furnaces  at  Couliron,  Loire  Inf^rieure,  France,  will  be 
understood  by  reference  to  the  accompanying  woodcuts.  Fig.  181  is  a 
longitudinal  section ;  fig.  182,  a  horizontal  section  on  the  line  C  D ;  and 
fig.  183,  a  transverse  section  through  the  tapping-hole.  The  fire-place, 
A,  is  of  the  usual  dimensions,  and  the  hearth,  £,  instead  of  being  on  an 
arch,  as  is  commonly  the  case  in  North  Wales,  is  supported  on  iron  bars, 
on  which  is  laid  a  course  of  flat  tiles.  On  these  is  placed  a  course  of 
fire-bricks  on  edge,  on  which  is  arranged  the  usual  slag  bottom.     The 
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furnace  has  the  ordinary  number  of  working  doors,  a,  witli  a  fire-door,  h, 
and  tapping-hole,  c ;  there  is  a  small  fire-place  below  the  pot,  i,  to  pro- 


Fig.  182.— Smeltiiig-Famaoe,  CooBron  ;  horUontal  sectioa  oa\?  D. 

vent  the  too  rapid  chilling  of  the  lead  during  the  process  of  lading  into 
moulds.      Although  similar  in  form  and  dimensions  to  the  ordinary 


Fig.  188.— Smelting-Furnace,  CouSros  ;  transTarM  Mctloii  through  Upping-hoto. 

Welsh  furnace,  it  differs  from  it  in  one  important  particular,  namely,  in 
having  the  tapping-pot  placed  near  the  flue  end  instead  of  under  the 
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middle  door.  This  anungement  gives  a  larger  surface  to  the  hearth  for 
roasting  the  charge,  and  permits  of  the  lead  being  collected  in  the  coolest 
part  of  the  furnace,  where  it  is  least  exposed  to  loss  from  volatilization. 

The  mode  of  working  employed  varies  with  the  nature  of  the  ores 
treated.  This  variation  depends  principally  on  the  length  of  time 
required  for  roasting  the  ores  before  subjecting  them  to  the  higher 
temperature  of  reactions.  Pure  ores,  especially  those  containing  a 
notable  proportion  of  carbonate  or  sulphate  of  lead,  require  very  little 
previous  roasting,  whilst  those  containing  blende,  p3rrites,  &c.,  must 
be  calcined  for  a  considerable  time  before  smelting. 

In  general,  the  ores  treated  are  derived  from  Sardinia,  and  contain, 
on  an  average,  81  per  cent  of  lead  and  but  little  silver.  They  are  toler- 
ably free  from  impurities,  being  composed  of  galena  associated  with 
carbonate  and  sulphate  of  lead,  and  a  calcareous  gangue,  in  which  are 
found  small  quantities  of  blende,  calamine,  ferric  oxide,  and  silica.  The 
cobbed  ores,  before  delivery  to  the  furnace,  are  ground  between  rolls, 
and  passed  through  sieves  of  eight  holes  to  the  linear  inch ;  a  charge  of 
ore  weighs  27  cwts.  Two  men  are  employed  at  each  furnace,  one  of 
whom,  the  chief,  works  on  the  fore  side,  and  takes  a  leading  part  in  the 
work  to  be  done.  In  the  treatment  of  rich  ores,  the  ordinary  method 
of  working  consists  in  roasting  them  in  such  a  manner  that  upwards  of 
one-half  of  the  sulphide  of  lead  present  in  the  ore  is  converted  into  a 
mixture  of  oxide  and  sulphate. 

On  raising  the  heat  in  the  furnace  to  bright  redness,  the  oxide  and 
sulphate,  formed  in  roasting,  react  on  the  undecomposed  sulphide  in  the 
charge,  and  produce  metallic  lead,  sulphurous  anhydride,  and  a  residue 
of  slag. 

The  process  is  thus  divisible  into  two  well-marked  and  distinct 
operations : — 

a.  Calcination  or  oxidation. 

b.  Smelting  or  reactions. 

a.  Calcination. — Supposing  a  charge  to  have  been  just  worked  off, 
and  the  residual  slags  withdrawn,  the  furnace  will  be  empty  and  at  a 
red  heat.  The  damper  having  been  lowered,  the  charge  of  ore  in  the 
hopper,  e,  is  let  down  through  the  opening  in  the  arch,  and  spread 
evenly  over  the  furnace  bottom  by  means  of  rabbles. 

This  done,  the  working-doors  are  closed,  but  the  fire-door  is  left  open 
and  the  fire  damped  with  cinders,  in  order  so  to  moderate  the  heat  that 
the  charge  may  become  gradually  red  hot  without  clotting.  •  The  charge 
is  thus  left  undisturbed  for  some  time.  During  the  first  hour  it  is  once 
or  twice  lightly  rabbled ;  at  the  expiration  of  that  time,  after  being  well 
turned  with  the  paddle,  it  will  be  found  to  be  red  hot  throughout  The 
damper  is  then  lowered  so  as  to  leave  just  sufficient  draught  for  the  free 
escape  of  the  gaseous  products  of  calcination.  The  working-doors  are 
now  left  partially  open  to  admit  the  air  necessary  for  the  oxidation  of 
galena,  and  under  its  oxidizing  action  the  charge  soon  acquires  a  high 
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temperature.     Care  must^  however,  be  taken  to  preyent  tlie  heat  from 
increasing  so  much  as  to  cause  softening  of  the  ore. 

When  the  heat  is  properly  managed,  a  white  crast,  consisting  of  a 
mixture  of  oxide  and  sulphate  of  lead,  in  which  the  former  predominates, 
is  rapidly  formed  on  the  surface  of  the  charge,  and  no  fumes  are  visible. 
The  surface  is  renewed  from  time  to  time,  about  every  quarter  of  an 
hour,  either  by  rabbling  or  by  paddling. 

The  requisite  heat  is  maintained  in  the  furnace  during  this  process  by 
firing  with  cinders  only,  which  are  preferable  to  coal  for  that  purpose ; 
not  merely  on  account  of  their  lower  cost,  but  also  because  they  give  a 
steadier  heat  and  do  not  yield  gaseous  hydrocarbons  to  interfere  with 
oxidation. 

The  alternate  raking  and  paddling  of  the  charge  is  continued  at 
regular  intervals,  until,  on  examination,  it  is  thought  to  be  sufficiently 
desulphurized,  which  is  generally  the  case  at  the  end  of  from  four  to  four 
and  a  half  hours. 

The  grate  is  then  freed  from  clinker,  coal  is  thrown  on  the  fire,  the 
damper  is  opened,  and  a  brisk  fire  is  got  up ;  in  a  few  minutes  the  heat 
in  the  furnace  is  thus  raised  so  as  to  lead  to  a  commencement  of  the  period 
of  reactions. 

K  Smelting, — As  soon  as  the  firing  has  commenced,  the  ore  lying  at 
the  back  and  extreme  end  of  the  furnace  is  raked  towards  the  bridge. 
With  the  increase  of  temperature  which  now  takes  place,  the  roasted  ore 
soon  begins  to  soften  and  to  give  off  white  fumes,  showing  that  the 
reactions  which  result  in  the  liberation  of  metallic  lead  have  commenced. 
Great  care  and  attention  on  the  part  of  the  smelter  are,  however,  necessarr, 
in  order  to  prevent  too  great  a  loss  of  lead  by  volatilization  during  the 
heating-up  of  the  charge.  The  ore  must  on  no  account  be  allowed  to 
liquefy,  and  as  often  as  it  shows  a  tendency  to  fuse,  some  slaked  lime  in 
powder  is  thrown  on  the  charge,  and  well  worked  into  it  with  a  rake. 
By  this  means,  and  by  carefully  regulating  the  draughty  the  charge  can 
be  heated  to  the  required  temperature  without  fusion ;  lime  must  be  fre- 
quently added  during  the  process,  but  in  small  quantities  at  a  time.  The 
consumption  of  lime  amounts,  altogether,  to  about  2  per  cent,  of  the  ore 
treated. 

Shortly  after  reaction  commences  globules  of  lead  are  seen  on  the 
surface  of  the  charge,  and  before  an  hour  has  elapsed  a  certain  quantity 
of  lead  has  drained  down  the  slope  of  the  hearth  into  the  well  The 
charge,  having  in  due  time  attained  the  temperature  of  bright  redness, 
must  not  be  fired  too  hard.  Both  the  draught  and  the  firing  are  so 
regulated  as  to  keep  up  the  heat  to  the  required  degree  without  going 
beyond  it. 

The  reactions  are  much  aided  by  frequently  rabbling  and  turning  the 
ore;  but  as  the  working-doors  must  remain  open  for  this  purpose,  it 
follows  that  a  large  quantity  of  air  enters  the  furnace,  oxidizing  the 
sulphide  in  the  ore,  and  so  cooling  the  charge  that  the  flow  of  lead  be- 
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comes  iuterrapted.  When  this  cooling  is  judged  to  have  been  carried 
sufficiently  far,  the  charge  is  rabbled,  the  doors  closed,  and  the  fire  so 
urged  as  to  fill  the  furnace  with  flame  during  several  minutes.  On 
Te-opening  the  doors  and  paddling,  the  flow  of  lead  recommences  as 
before. 

At  the  expiration  of  from  two  and  a  half  to  three  hours  from  the  com- 
mencement of  the  reactions,  a  considerable  amount  of  lead  will  have  accu- 
mulated in  the  welL  A  first  tapping  is  then  made,  the  lead  being  received 
in  the  tapping-pot^  under  which  a  small  fire  has  been  previously  lighted 
in  order  to  maintain  the  lead  in  a  melted  condition  while  it  is  being  cast 
into  pigs ;  the  tap-hole  is  stopped  with  a  plug  of  stifif  clay. 

The  thick  dross  which  rises  to  the  surface  of  the  lead,  and  which 
contains  a  certain  quantity  of  sulphide  removed  from  the  charge  by  the 
hot  lead,  and  again  separated  on  cooling,  is  skimmed  off  with  a  shovel 
and  put  back  into  the  furnace.  A  little  fine  coal,  together  with  some 
burning  cinders  and  lime,  is  now  thrown  on  the  lead,  which  is  vigorously 
agitated  with  a  small  paddle  and  stirred  until  it  is  clean.  It  is  then 
skimmed,  the  skimmings  being  put  on  one  side,  and  the  clean  lead  laded 
into  moulds. 

The  firing,  paddling,  and  cooling  of  the  charge  are  repeated  several 
times,  until  at  last  the  residue  becomes  dry  and  gives  out  but  little  lead. 
Thereupon  the  heat  of  the  furnace  is  considerably  increased,  but  not  in  a 
sufficient  degree  to  fuse  or  flow  down  the  charge,  and  towards  the  close 
of  the  operation  the  matters  remaining  on  the  hearth  consist,  to  a  great 
extent^  of  oxides. 

The  pot^kimmings,  composed  of  cinders  andleadmatte,  are  now  thrown 
into  the  furnace  and  well  paddled  with  the  charge ;  the  reaction  of  the 
sulphide  of  lead  and  cinders  on  the  oxide  and  sulphate  producing  a  further 
yield  of  lead. 

When  this  has  ceased,  and  it  is  seen  that  no  more  can  be  extracted 
without  a  very  high  heat  and  the  addition  of  coal  to  the  charge,  the  grey 
slag  is  raked  out  through  the  middle  door  at  the  back  of  the  furnace,  and 
the  second  and  last  tapping  is  made. 

The  whole  period  of  reactions  occupies  from  five  to  five  and  a  half 
hours. 

After  the  withdrawal  of  the  slags,  the  bottom  is  examined,  and  if  cor- 
roded into  holes,  or  in  any  way  injured,  it  is  repaired  by  putting  into  the 
cavities  a  mixture  of  grey  slag  and  lime,  and  beating  it  smooth  with  the 
paddle.  It  is  of  great  importance  to  maintain  the  bottom  perfectly 
even  and  with  a  good  slope  on  all  sides  towards  the  tap-hole.  A  little 
lime  is  now  spread  over  the  bottom,  and  a  fresh  charge  is  at  once  let  down 
into  the  furnace ;  the  damper  having  been  previously  lowered  to  prevent 
loss  of  fine  ore  by  the  draught.  The  weight  of  coal  consumed  is  equal  to 
40  per  cent,  of  the  ore  smelted.  The  produce  of  lead  per  charge  of  1,350 
kilo&  of  ore  at  81  percent  is  15  pigs,  weighing  901  kilos.,  and  290  kilos, 
of  slags  containing  50  per  cent,  of  lead.     Hence  the  total  loss  of  lead  in 
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the  reverberatory  furnace  is  3*52  units  by  Tolatilization,  but  of  this  a 
certain  proportion  is  recovered  from  the  fume  collected  in  the  condensers 
and  flues.  A  larger  percentage  of  lead  in  pigs  might  be  obtained  by  add- 
ing more  coal  to  the  charge,  towards  the  end  of  the  process,  and  firing 
hard,  in  order  to  reduce  part  of  the  lead  remaining  in  the  slags.  It  is, 
however,  considered  more  economical  to  limit  the  produce  in  the  reve^ 
beratory  to  about  80  per  cent,  of  the  lead  contained,  and  to  carry  the 
slags  to  the  blast-furnace.  This  is  especially  the  case  when  the  blast- 
furnace is  connected  with  good  condensers  and  long  flues. 

It  will  be  seen  from  the  foregoing  description  that  the  process  of 
reverberatory  smelting  adopted  at  Cou^'ron  differs  principally  from  that 
generally  employed  in  England,  in  there  being  no  melting  or  flowing- 
down  of  the  charge,  as  also  in  the  long  preliminary  calcination  of  the  ore 
before  the  reactions  are  commenced.  The  position  of  the  tap-hole  near 
the  flue  end  of  the  furnace  gives  a  longer  slope  to  the  hearth,  and  allows 
of  heavier  charges  being  worked ;  at  the  same  time  the  lead  produced  is 
collected  in  the  well  at  a  greater  distance  from  the  fire. 

Cornish  Process. — This  process  was  employed  at  Par,  near  Si 
Austell,  where  were  situated  the  last  lead-smelting  works  in  operation  in 
Cornwall  It  was  also  formerly  in  use  at  Point,  near  Truro,  as  well  as 
at  the  Falmouth  Smelting  Works ;  but  smelting  operations  at  all  these 
establishments  have  been  for  some  years  abandoned.  The  lead  oies 
treated  by  this  method  consisted  principaUy  of  galena,  usually  containing 
a  considerable  amount  of  silver,  with  blende  and  various  sulphurized 
ores  of  copper,  associated  with  a  siliceous  gangue;  their  average  yield 
of  lead  was  between  60  and  70  per  cent,  and  of  silver  about  35  ounces 
per  ton. 

This  process  comprehends  two  distinct  operations,  each  conducted  in 
a  separate  furnace : — 

a.  Calcination  or  roasting. 
L  Flowing  or  smelting. 

a.  Ccdcinatioru — The  furnaces  used  for  this  purpose  varied  consider- 
ably in  size,  some  of  them  working  charges  of  only  25  cwts.,  while  others 
were  capable  of  taking  charges  of  3  tons ;  the  average  charge  may  be 
taken  at  from  1  ton  18  cwts.  to  2  tons.  The  Cornish*  calciner  had  gene- 
rally three  working-doors ;  two  being  in  the  longer  sides  and  opposite 
one  another,  while  the  third  was  at  the  extremity  of  the  longer  axis  of 
the  hearth,  in  the  immediate  vicinity  of  the  flue  leading  to  the  chimney. 
The  widest  part  of  the  hearth  was  that  between  the  two  lateral  doors ;  at 
the  fire-place  it  had  little  more  than  one-third  its  maximum  width,  and 
at  the  opposite  extremity  its  dimensions  were  gradually  contracted  to  the 
width  of  the  working-door.  Immediately  within  the  lateral  doors  were 
rectangular  holes  in  the  bed,  through  which  the  calcined  ore  was  raked 
into  an  arched  vault  beneath.  A  passage  through  the  fire-bridge,  which 
enclosed  a  strong  supporting  bridge-plate  of  cast-iron,  admitted  of  the 
free  circulation  of  air ;  the  charging  was  efiected  through  a  hole  in  the 
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roof,  usually  covered  by  a  fire-tile.  This  furnace  was  built  of  ordinary 
rubble-work,  but  was  internally  provided  with  a  nine-inch  lining  of  fire- 
brick. The  working-doors  had  either  strong  cast-iron  frames,  or  their 
sides  were  protected  by  blocks  of  granite.  This  calciner  was  worked  by 
two  men  on  each  shift  Calcination  was  effected  at  a  high  temperature, 
and  the  charge  was  turned  over  once  every  hour;  the  operation  was 
continued  during  from  fifteen  to  eighteen  hours,  and  a  little  lime  was 
added  from  time  to  time  to  prevent  clotting.  About  6  cwts.  of  coal  were 
consumed  per  ton  of  ore  calcined. 

b.  Flawing. — The  furnace  employed  for  this  operation  was  very 
similar  to  that  used  for  the  Flintshire  process ;  the  length  of  the  hearth 
was  about  14  feet,  and  its  width  8  feet.  This  furnace  had  five  working- 
doors,  two  on  either  side,  and  one  in  the  end  opposite  the  fire-bridga 
The  bottom,  like  tl^at  of  the  Coueron  furnace,  was  supported  on  iron 
bearers,  and  finished  with  slags. 

The  charge,  which  consisted  of  2  tons  of  calcined  ore,  was  thrown  in 
through  the  back  doors,  and  was  spread  evenly  over  the  sloping  bed;  the 
doors  were  then  closed,  luted  with  clay,  and  the  heat  raised.  At  the 
expiration  of  from  two  to  three  hours  the  charge  had  run  down  into  the 
well,  and,  when  rich  ores  were  operated  on,  a  first  tapping  was  made  at 
this  period.  The  fused  material  was  then  dried  up  by  being  mixed  with 
lime  and  culm,  and  again  spread  over  the  upper  portions  of  the  bed. 
About  2  cwts.  of  scrap-iron  were  now  thrown  into  that  part  of  the  well 
nearest  the  tapping-hole,  and  a  little  fluor-spar  was  sometimes  scattered 
over  the  surface  of  the  charge.  This  done,  the  doors  were  again  closed 
and  luted,  the  charge  re-melted,  and  the  furnace  subsequently  tapped. 
This  was  done  with  a  pointed  iron  bar,  and  the  lead,  which  first  flowed 
into  the  pot,  was  followed  by  a  regulus  chiefly  derived  from  the  action 
of  scrap-iron  upon  galena.  This  regulus,  slurry,  sometimes  together 
with  a  little  of  the  lead,  flowed  over  the  lip  of  the  tapping-pot  into  a 
small  pit  in  the  floor,  and  as  soon  as  the  slag  began  to  make  its  appear- 
ance, the  tapping-hole  was  enlarged  and  the  lip  of  the  pot  was  closed 
with  ashes.  The  slag  now  flowed  out  upon  the  surface  of  the  metal 
in  the  pot,  which  was  almost  surrounded,  at  top,  by  a  strong  iron  hoop, 
and  the  molten  slag  was  thus  directed  into  a  gutter,  through  which  it 
flowed  into  a  pit  outside  the  building. 

From  the  time  of  charging  to  the  final  tapping  of  the  slag  the 
operation  occupied  about  eight  hours ;  two  men  were  employed  in  each 
shift,  assisted  by  an  attendant  during  the  day  shift  The  consumption 
of  coals  was  from  8  to  9  cwts.  per  ton  of  calcined  ore  treated ;  and  the 
slags,  which  usually  did  not  aiford  more  than  from  one-half  to  one  per 
cent,  of  lead  by  dry  assay,  were  sufficiently  poor  to  admit  of  being 
thrown  away. 

The  principal  portion  of  the  copper  contained  in  the  ore  became  con- 
centrated in  the  slurry,  which  was  re-melted  in  order  to  extract  the  lead 
and  silver  it  contained,  and  the  resulting  matte  was  then  sufficiently 
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rich  in  copper  to  be  sold  to  the  copper-smelters.  The  lead  produced  by 
this  process  was  usually  hard^  and  required  to  be  softened  by  a  process  to 
be  hereafter  described.  When,  howerer,  two  tappings  were  made  doling 
the  course  of  the  operation,  the  lead  obtained  from  that  which  took 
place  after  the  first  running-down  of  the  charge  was  much  softer,  and 
more  argentiferous,  than  that  resulting  from  the  final  tapping. 

The  flowing  furnace  is  sometimes  used  in  North  Wales  and  in  raiious 
other  localities,  and  is  constructed  and  worked  essentially  in  the  same 
way  as  it  was  in  Cornwall.  It  is  also  employed,  instead  of  the  slag- 
hearth,  for  the  reduction  of  the  rich  grey  slags  from  the  Flintshire  furnace 
by  the  aid  of  scrap-iron  and  carbonaceous  matter,  and  is  likewise  used 
for  smelting  rich  silver  ores  and  jewellers'  sweep. 

In  this  process  a  large  proportion  of  the  lead  is  obtained  by  the 
mutual  decomposition  of  galena  and  of  the  oxidized  products  resulting 
from  calcination,  the  remainder  being  due  to  the  reducing  action  of  the 
culm  and  to  the  decomposition  of  sulphide  of  lead  by  metallic  iron.  It 
may  therefore  be  regarded  as  a  mixed  process,  comprehending  the  whole 
of  the  various  reactions  involved  in  the  metallurgical  treatment  of  lead 
ores. 

Spanish  Furnace,  or  Boliche. — ^According  to  P^rte  de  Vargas,  who 
lived  in  Spain  during  the  reign  of  Philip  IL  (1556-1598),  and  who 
wrote  on  the  metallurgy  of  that  date,  the  holicJie  had  been  known  from 
time  immemorial,  having  been  used  by  the  Romans  when  in  occupation 
of  that  country.  Alonzo  Barba,  the  celebrated  priest  of  Potosi,  states,  on 
the  contrary,  that  it  was  an  Indian  invention,  introduced  from  America 
about  the  year  1640.  M.  Petitgand,  the  author  of  an  excellent  mono- 
graph entitled  '  Exploitation  et  traitement  des  Plombs  dans  le  Midi  de 
I'Espagne,'  ^  infers  from  this  that  it  was  first  introduced  from  Spain  into 
America,  and  subsequently  re-imported  into  Spain,  where  its  use  and 
method  of  construction  had  become  forgotten.  However  this  may  have 
been,  there  can  be  no  doubt  that  the  boliche  is  an  exceedingly  ancient 
furnace,  and  that  for  a  very  long  period  it  was  almost  exclusively  em- 
ployed in  the  south  of  Spain  for  the  reduction  of  lead  orea 

It  is  constructed  of  rubble-work  cemented  together  with  a  mortar 
formed  either  of  clay  or  of  vegetable  soil,  and  is  generally  without  any 
support  from  iron  bars  or  binders.  In  place  of  these  it  is  provided  with 
strong  buttresses  at  the  angles,  which  are  frequently  carried  upward,  so 
as  to  form  supports  for  the  roof  of  the  shed  by  which  it  is  covered.  The 
interior  is  protected  by  a  lining  of  fire-brick,  the  hearth  being  composed 
either  of  Ic^'a  or  laguena,  a  description  of  clay  resulting  from  the  decom- 
position of  talcose  schists,  or  of  a  mixture  of  this  clay  with  broken  galena. 
The  boliches  employed  by  the  various  English  companies  established 
in  the  neighbourhood  of  Linares  are  constructed  of  sandstone,  without 
any  kind  of  lining,  and  are  bound  together  by  ordinary  iron  braces. 

1  '  ReTue  rDiyenelle  des  Mines/  Vol.  ix.  p.  297, 186L 


LEAD.  599 

This  furnace  essentially  consists  of  two  arched  chambers,  one  of  which 
is  employed  for  the  reduction  of  the  ore,  while  the  only  use  of  the  second, 
which  is  situated  between  it  and  the  chimney,  seems  to  be  to  moderate 
the  draught.  These  two  chambers  are  separated  by  a  fire-bridge,  the 
second  being  generally  in  connection  with  a  chimney  about  30  feet  in 
height  At  Linares  the  boliches  are  worked  in  connection  with  the 
long  condensing-flues  of  the  establishment  The  fire-place  projects  from 
one  side  of  the  hearth,  is  without  a  grate,  and  is  2  feet  2  inches  in 
width  and  5  feet  6  inches  in  length ;  the  fuel,  which  consists  of  brush- 
wood, such  as  cistus,  broom,  lavender,  rosemary,  juniper,  &c.,  is  supplied 
through  a  door  at  the  end  of  the  fire-place.  The  smelting  hearth  inclines 
towards  the  only  working-door,  at  the  extremity  of  its  longer  axis,  and 
immediately  within  which  is  a  receptacle  in  the  floor  for  the  collection  of 
the  molten  metal.  This  door,  and  that  through  which  the  fuel  is  intro- 
duced, are  the  only  openings  in  the  furnace,  with  the  exception  of  a 
smaller  one  supplying  air  to  the  fuel,  and  through  which  the  ashes  are 
withdrawn.  The  hearth,  which  is  about  7  feet  6  inches  in  length  by 
6  feet  6  inches  in  width,  has  its  angles  rounded,  and  is  sometimes  made 
nearly  circular  in  form.  The  second  chamber,  serving  to  equalize  the 
draught,  is  lenticular  in  shape  ;  its  length,  transversely  to  the  chimney, 
is  12  feet,  and  its  width  4  feet  At  the  extremity  of  its  longer  axis  are 
doors,  which  are  usually  bricked  up,  but  which  are  from  time  to  time 
opened  for  the  removal  of  fume  and  dust 

According  to  Mr.  A.  Dick,  the  smelting  of  a  charge  of  lead  ore  in 
the  boliche  in  the  Linares  district  occupies  eight  hours,  and  comprehends 
three  operations : — 

a.  Caldeo,  or  calcination,  lasting  from  one  to  one  and  a  half  hour. 

b.  Ekmdeo^  or  sweating^  occupies  from  four  and  a  half  to  five  hours. 

c.  Corrida,  or  running  down,  which  occupies  the  remainder  of  an 
eight-hours'  shift 

M.  Petitgand,  however,  says  that  under  favourable  circumstances  a 
Uga  or  charge  may  be  smelted  in  from  four  and  a  half  to  five  hours.  Mr. 
J.  Lk  Thomas,  among  other  details  furnished  to  Dr.  Percy,  stated  that  a 
charge  of  ore,  weighing  60  arrobas,  or  13  cwts.  1  qr.  16  Iba  English, 
and  yielding  by  assay  77*5  per  cent  of  lead,  can  be  worked  in  from  five 
and  a  half  to  six  hours.  It  is  evident,  however,  that  the  time  necessary 
for  working  a  charge  will  be  much  influenced  by  the  richness  and  fusi- 
bility of  the  ores. 

The  ore,  which  is  thrown  in  throu^  the  working-door  by  a  scoop 
with  a  handle  on  either  side,  is  spread  evenly  over  the  bottom  and  is 
stirred  from  time  to  time.  When  the  operation  of  calcining  is  suffi- 
ciently advanced,  the  temperature  is  increased,  and  the  running  down  of 
the  charge  commences.  For  drying  up  the  slags,  the  ash  and  breeze 
falling  into  the  ash-pit  are  alone  employed.  At  the  dose  of  the  operation 
the  lead  is  tapped  into  a  vessel,  where  it  is  first  stirred  up  vdth  dry 
leaves,  and  from  which  it  is  subsequently  laded  into  moulds. 
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The  yield  of  the  boliche  is  about  80  per  cent  of  the  contents  of  the 
ore  by  assay ;  the  grey  slagSj  which  are  drawn  in  the  usual  way,  contain 
from  45  to  50  per  cent,  of  lead,  and  amount  to  from  15  to  17  per  cent 
of  the  ore  charged.  They  are  reduced  in  a  blast-furnace  blown  by 
bellows  worked  either  by  treadles  or  by  horse-power.  For  smelting  a 
charge  of  60  arrobas  of  ore,  from  1,550  to  1,750  lbs.  (avoirdupois)  of 
brushwood  are  required. 

From  having  been  subjected  to  a  less  elevated  temperature,  the  lead 
smelted  in  the  boliche  is  said  to  be  softer  than  that  obtained  from  the 
Flintshire  furnace,  but  the  difference  in  quality  is  by  no  means  marked. 
The  reactions  which  take  place  in  this  apparatus  are  of  precisely  the 
same  character  as  those  which  occur  in  the  furnace  employed  in  North 
Wales,  and  the  process  is  essentially  one  of  double  decompositiona  At 
Linares,  boliches  have  been  constructed  with  fire-places  adapted  for  the 
consumption  of  mineral  fuel ;  but  thus  modified  it  appears  to  offer  no 
advantages  over  the  English  reverberatory  furnace ;  the  amount  of  ore 
Vorked  in  a  given  time  is  smaller,  and  the  proportionate  consumption  of 
fuel  somewhat  larger. 

The  boliche,  although  an  ingenious  contrivance  for  the  reduction 
of  rich  lead  ores  by  means  of  brushwood,  is  much  inferior  to  the 
ordinary  reverberatory  furnace,  when  coal  is  to  be  obtained  at  a  mode- 
rate price. 

Bleiberg  Progbs& — ^The  galena  treated  at  Bleiberg  in  Carinthia 
is  accompanied  by  blende,  calamine,  willemite,  cerussite,  anglesite,  and 
molybdate  of  lead  The  ores  of  zinc,  removed  as  completely  as  practicable 
by  a  careful  system  of  mechanical  treatment,  are  sold  to  zinc-works  for 
reduction ;  while  the  lead  ores  are  delivered  to  the  smelter,  either  in  a 
somewhat  rough  state  of  division,  containing  from  65  to  70  per  cent  of 
lead,  or  as  slimes,  of  which  the  yield  is  usually  5  per  cent  less. 

The  furnace  employed  at  Bleiberg  differs  essentially  from  those  used 
in  this  country,  since  the  hearth,  instead  of  being  broad,  with  a  well  in 
the  middle  and  a  tap-hole  at  the  side,  is  long,  and  has  a  regular  slope 
towards  the  door,  which  is  placed  at  the  extremity  of  its  longer  axis. 
The  working-bed,  about  10  feet  long,  and  4  feet  10  inches  in  greatest 
width,  is  rectangular  for  nearly  half  its  length,  and  then  contracts  towards 
the  working-door,  which  is  1  foot  square.  Besides  having  a  regular  slope 
towards  this  door,  the  hearth  is  hollowed  from  the  two  longer  sides  towards 
the  middle,  so  that  the  metal  may  flow  from  every  part  of  the  bed  into  a 
receptacle  in  front  of  the  working-door.  The  fuel  commonly  employed 
is  wood,  and  the  fire-place  is  parallel  to  the  longer  axis  of  the  bed ;  the 
grate,  which  has  a  still  greater  inclination  than  the  bed,  is  of  stone, 
traversed  by  openings  for  the  admission  of  the  air  necessary  for  combus- 
tion. These  furnaces,  which  are  constructed  in  pairs,  are  mainly  built 
of  red  sandstone,  and  the  bottom,  which  is  6  inches  in  thickness,  is  made 
of  a  mixture  of  clay,  old  bottoms,  poor  slimes,  and  slags  fritted  together 
by  heat 
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Brown  coal  is  sometimes  used  as  fuel  in  place  of  wood,  and  in  such 
cases  a  grate  consisting  of  iron  bars  is  substituted  for  one  of  stone. 
Furnaces  with  two  beds  placed  one  above  the  other  were  for  some 
time  employed  at  the  Imperial  Lead- Works,  at  Bleiberg,  but  although 
the  consumption  of  fuel  was  thereby  reduced,  the  frequency  of  the  repairs 
required  and  the  uncertainty  of  the  results  obtained  caused  them  to  be 
abandoned. 

The  process  of  smelting  is  conducted  as  follows: — As  soon  as  the 
hearth  has  become  heated  to  dull  redness  the  charge,  weighing  about 
375  lb&  avoirdupois,  is  thrown  in  through  the  door,  and,  by  a  rake,  is 
spread  over  every  part  of  the  bottom.  The  temperature  is  now  kept 
so  low  that  calcination  may  be  effected  without  softening  or  agglomera- 
tion, and  the  ore  is  at  short  intervals  turned  over  with  a  rake,  and 
fresh  surfaces  exposed  to  oxidizing  influences.  At  the  expiration  of 
from  three  to  three  and  a  half  hours  the  roasting  is  generally  found  suffi- 
ciently advanced,  and  the  temperature  is  then  so  raised  as  to  determine 
the  usual  reactions  between  the  unchanged  galena  and  the  oxidized  pro- 
ducts resulting  from  calcination.  The  rabble  is  now  assiduously  worked 
for  the  purpose  of  effecting  a  complete  mixture  of  the  charge,  thus 
facilitating  the  production  of  metallic  lead  through  the  mutual  decom- 
position of  its  sulphide  and  the  oxidized  products  of  roasting.  This 
operation  lasts  from  three  and  a  half  to  four  hours,  and  the  lead,  which 
is  constantly  liberated,  flows  down  the  inclined  hollowed  surface  of  the 
bottom  into  the  receptacle  placed  in  front  of  the  working-door  for  that 
purpose.  This  lead,  from  its  supposed  purity,  has  received  the  name  of 
"  virgin  lead,"  JungfemUei^  and  in  order  to  indicate  its  source  of  produc- 
tion was  formerly  sold  in  the  form  of  irregular  lumps  as  it  fell  from  the 
furnace.  At  the  expiration  of  the  period  above  stated,  from  125  to 
150  lbs.  of  lead  will  have  been  collected,  sulphide  of  lead  will  have 
almost  entirely  disappeared,  and  the  residual  grey  slag  will  contain  lead 
in  an  oxidized  state  only. 

This  slag  is  now  dried  up  by  the  addition  of  ashes  and  breeze  from 
the  ash-pit,  and  the  mixture,  after  being  well  worked  with  the  rabble,  is 
withdrawn  from  the  furnace  and  laid  aside  to  be  treated  with  that  result- 
ing from  the  next  operation.  Another  charge  is  introduced,  and  the 
process  is  conducted  as  before. 

At  the  completion  of  the  second  stage  the  grey  slag  remaining  on  the 
bottom  of  the  furnace  is  in  its  turn  mixed  with  breeze,  while  that  result- 
ing from  the  working  of  the  previous  charge  is  added  through  the  working- 
door  ;  the  furnace  thus  containing  the  slags  resulting  from  the  treatment 
of  two  distinct  charges  of  ore.  The  temperature  is  now  raised,  small 
charcoal  is  added  when  necessary,  and  the  whole  intimately  mixed  with 
the  rabble,  in  order  to  effect  the  reduction  of  the  various  oxidized  com- 
pounds of  lead.  This  reduction  of  the  slag  occupies  from  seven-  to  eight 
hours,  and  results  in  the  production  of  from  150  to  220  lbs.  of  lead;  it 
consequently  follows,  that  for  the  complete  treatment  of  two  charges, 
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weighing  together  about  750  lbs.  ayoirdupois,  from  twenty-one  to  twenty- 
three  hours  are  required.  The  yield  of  lead  is  nsoallyy  when  the  ores  are 
of  average  richness,  about  2|  per  cent,  less  than  that  indicated  by 
assay;  the  consumption  of  wood  is  about  11  cubic  feet  per  Austrian 
centner  (133460  lbs.  avoirdupois)  of  lead  produced. 

The  workmen  are  paid  at  the  rate  of  1-80  florin  per  centner  of  lead 
extracted,  and  are  debited  6*40  florins  per  klafter  for  the  wood  consumed. 
They  also  receive  a  bonus  of  0*07  florin  on  each  pound  of  lead  produced 
in  excess  of  the  prescribed  quantity,  and  are  fined  the  same  amount  for 
every  pound  less  than  the  amount  allowed. 

According  to  M.  Landrin,  the  following  allowances  between  the 
assay-results  and  furnace-produce  were  in  force  in  1867 : — 

Assay  result  82  per  cent. :  tolerated  loes  2  per  cent. 

It           oO  „  „  3  „ 

»f             7*5  I*  »»  *  *t 

ft           7o  It  (t  o  II 

»f           74  II  II  o  II 

»t            7^  II  i«  7  II 

I)          70  I,  ,1  8  «t 

f>           o8  „  II  9  II 

66  I.  „  10 

»t            64  ff  ff  11  II 

62  I,  „  12 

It           60  ,1  „  13  I, 

The  charge  of  the  Bleiberg  furnaces  has  now  been  increased  to  about 
465  lbs.  avoirdupois. 

Bbduotion  by  Mbtallig  Ibon  in  Bbvsbbbbatory  Furnaces. — Silicate 
of  lead,  as  well  as  the  sulphurized  and  oxidized  compounds  of  that  metal, 
is  reduced  when  strongly  heated  in  contact  with  metallic  iron;  this 
operation  is  usually  conducted  in  a  low  blast-furnace,  but  a  reverberatory 
furnace  has  also  been  employed  for  the  purpose. 

The  treatment  of  somewhat  siliceous  ores  by  fusion  in  a  reverberatoiy 
furnace  with  either  iron  scrap  or  cast-iron  was  formerly  carried  on  to  a 
limited  extent  in  France,  but  was  ultimately  discontinued,  on  account  of 
the  great  cost,  and  the  unsatisfactory  nature  of  the  results.  The  furnace 
employed  sloped  from  the  fire-place  to  the  chimney,  placed  at  the  opposite 
extremity  of  the  hearth,  where  there  was  a  working-door  with  a  tapping- 
hole  beneath  it,  in  front  of  which  was  the. usual  reservoir  for  the  reduced 
metaL  The  charge  consisted  of  about  400  kilos,  of  galena,  containing 
nearly  80  per  cent,  of  lead,  mixed  with  from  100  to  120  kiloa  of  sciap 
or  of  cast-iron.  When  the  temperature  had  become  sufficiently  elevated 
the  charge  was  stirred  at  frequent  intervals,  and  lead  became  reduced  at 
the  expense  of  the  iron,  which  was  converted  into  sulphide. 

From  galena  containing  80  per  cent,  of  lead  67  to  70  per  cent  of 
metal  was  extracted,  the  matte  containing  from  5  to  12  per  cent  of  lead; 

4  per  cent  passed  ofif  by  volatilization,  and  the  slags  retained  from  4  to 

5  per  cent 
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The  entire  contents  of  the  furnace  were  run  off  into  the  tapping-pot 
which  retained  the  lead,  while  the  principal  portion  of  the  matte  and 
slag  flowed  over  upon  the  floor.  The  last  two  products  may  he  re-treated 
in  a  hlast-fumace  for  the  lead  they  contain,  hut  the  process  of  smelting 
raw  ores  with  iron  in  reverheratory  furnaces  is  wasteful  and  expensive. 

The  processes  employed  in  different  localities  for  the  reduction  of  lead 
ores  in  reverheratory  furnaces  are  exceedingly  various,  their  adoption 
being  determined  by  the  nature  of  the  ores,  the  quality  and  price  of  fuel, 
and  the  nature  of  the  fluxes  available.  The  methods  described  may, 
however,  be  considered  as  typical  of  those  employed  in  the  principal 
lead-producing  centres,  dthough  they  are  sometimes  more  or  less  lOLodified. 
to  suit  the  exigencies  of  local  circumstances. 

Smelting  in  Blast-Furnaces.  \S^/ ,/    ' 

Slag-Hearth. — ^The  various  rich  slags  resulting  from  the  differ^ 
operations  of  a  lead-smelting  establishment  are  either  treated  in  the 
furnaces  in  which  they  are  produced,  as  in  the  case  of  the  Cornish  and 
Bleiberg  processes,  or  they  are  reduced  in  a  blast-furnace  specially  em- 
ployed for  that  purpose.  In  this  country  the  slag-hearth  is  still  used, 
although  its  application  is  no  longer  so  universal  as  formerly. 

This  is  a  deep  hearth,  or  shallow  rectangular  furnace,  blown  by  one 
tuyer,  made  of  fire-brick  and  cast-iron,  cased,  with  the  exception  of  the 
fronts  in  an  exterior  covering  of  ordinary  brickwork,  and  bound  by  iron 
bracea  The  casing  is  extended  upwards  so  as  to  form  a  chimney,  which 
at  the  top  is  connected  with  the  system  of  flues  for  the  condensation  of 
lead  fume  with  which  every  well-appointed  establishment  is  provided. 
The  depth  of  this  furnace  from  the  front  to  the  tuyer  is  about  30 
inches,  its  width  may  be  22  inches,  and  its  height  a  little  more  than  3 
feet  The  bottom  is  composed  of  a  thick  cast-iron  hed-plate^  laid  with  a 
slight  inclination  from  the  back  towards  the  front  of  the  furnace ;  on  the 
bed-plate  are  placed  cast-iron  hearers^  which  carry  the  side  walls  of  the 
furnace.  The  front  is  partially  closed  by  a  plate  of  cast-iron,  called  the 
fore-stone^  and  the  back  below  the  tuyer  is  formed  of  another  thick  plate 
of  the  same  metal  A  space  of  from  5  to  7  inches  is  left  between  the 
bottom  of  the  fore-stone  and  the  cast-iron  plate  forming  the  bottom.  In 
front  stands  the  lead-trough^  divided  into  two  unequal  portions  by  a  divi- 
sion forming  part  of  the  casting ;  the  larger  one  corresponds,  in  width, 
with  the  bed-plate  under  which  its  edge  is  introduced,  and  at  the  bottom 
of  the  partition  is  a  hole  through  which  the  molten  metal  flows  into 
the  smaller  division  of  the  trough.  The  slags,  escaping  from  this  furnace 
through  an  opening  in  the  stopping  of  the  breast,  pass  over  the  edge  of 
the  larger  division  of  the  lead-pan  and  then  flow  into  a  cistern  sunk  in 
the  ground,  through  which  flows  a  stream  of  water.  This  determines 
the  disintegration  of  the  slag,  and  allows  of  the  separation  of  any  enclosed 
metallic  shot     Before  beginning  to  work  a  furnace  of  this  description, 
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the  bed-plate  is  covered  with  a  layer  of  well-burnt  and  coarsely  sifted 
ashes  to  within  about  an  inch  below  the  level  of  the  tuyer ;  and  the 
ash  bottom  thus  formed  is  made  to  slope  in  the  same  direction  as  the 
plate  itself.  The  space  between  the  bearers  in  front  of  the  ash  bottom  is 
now  closed  with  clay,  &c.,  up  to  the  lower  edge  of  the  fore-stone,  and 
in  this  stopping  an  opening  is  made  for  the  escape  of  the  slag.  The 
bottom  of  spongy  cinders,  which  is  somewhat  closely  beaten  together, 
acts  as  a  filter,  by  which  the  metal  is  separated  from  the  slags  which 
flow  over  its  surface,  and  escape  by  the  opening  in  the  breast;  while 
the  heavier  lead  falls  to  the  bottom  of  the  hearth  and,  percolating 
through  the  ash  bottom,  is  conducted  by  the  bed-plate  into  the  lead-pot 
The  larger  division  of  this  pot  is  filled  with  cinders,  which,  as  in  tiie 
former  case,  act  as  a  filter,  by  means  of  which  the  molten  lead  is  sepa- 
rated from  the  less  dense  and  more  viscous  slag.  The  fuel  employed  is 
coke  with  a  little  peat,  and  the  products  are  dag-lead  and  a  vitreous 
hUick  slag,  sufiiciently  poor  to  be  thrown  away. 

Blocks  of  peat  are  first  piled  upon  the  bottom  of  the  furnace,  and 
one  of  these  is  ignited  and  thrown  before  the  tuyer.  When  the  peat 
has  thus  become  fairly  ignited,  coke  is  thrown  in ;  and  as  soon  as  this 
appears  to  be  properly  lighted,  grey  slag,  with  some  browse  (partially 
reduced  slags  removed  from  the  hearth  at  the  termination  of  a  previous 
operation)  and  a  little  black  slag  are  introduced.  From  this  time  the 
hearth  is  supplied  with  alternate  charges  of  fuel  and  slag,  and  when  a 
sufficient  quantity  of  the  latter  has  been  melted,  which  happens  shortly 
after  the  furnace  has  been  set  in  operation,  the  smelter,  with  an  iron  bar, 
makes  a  hole  in  the  centre  of  the  stopping  between  the  bed  and  the 
lower  edge  of  the  fore-stone.  Through  this  the  melted  slags  make  their 
escape,  and  the  furnace  being  now  in  its  normal  working  condition,  the 
several  operations  are  repeated,  throughout  the  shift,  without  variation. 

At  the  close  of  each  shift,  which  often  lasts  about  eight  hours  (six  of 
which  will  be  employed  in  smelting  and  the  other  two  in  cleaning  and 
preparing  the  hearth  for  the  next  working  period  of  similar  duration), 
the  blast  is  continued  for  about  half  an  hour  without  any  further  addition 
of  either  fuel  or  slag. 

As]  soon  as  the  blast  has  been  cut  off,  the  clay  stopping  beneath  the 
fore-stone  is  removed,  and  the  ash-bed,  with  as  much  as  possible  of  the 
adhering  slaggy  matter,  is  taken  out ;  this,  under  the  name  of  dag-hearth 
browse,  is  reserved  for  treatment  during  the  course  of  the  next  shift 
Finally  a  few  bucketfuls  of  water  are  thrown  into  the  hearth,  in  order 
to  put  out  the  fire  and  to  cool  it  previous  to  the  clearing  or  stubbing-out 
necessary  before  commencing  another  shift 

The  hearth  is  worked  by  two  men — a  smelter  and  his  assistant  The 
duration  of  a  shift  varies  in  different  localities  from  eight  to  sixteen 
hours,  and  the  production  of  lead  and  consumption  of  fuel  are  greater  or 
less  in  accordance  with  the  nature  and  richness  of  the  materials  treated. 
According  to  H.  Lb  Pattinson,  the  slag-hearth  shift  in  the  North  of 
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England  (1832)  lasted  from  fourteen  to  sixteen  hours,  and  produced  from 
10  to  21  cwts.  of  lead;  from  15  to  18  cwts.  of  coke  being  required  to 
produce  21  cwts.  of  lead.  From  the  nature  of  the  material  from  which 
it  is  obtained,  and  the  high  temperature  employed  for  its  production, 
slag-lead  is  invariably  hard,  and  requires  softening  before  it  can  be 
applied  to  the  purposes  for  which  ordinary  lead  is  used ;  it  is  laded  out 
from  the  smaller  division  of  the  lead-pan  and  cast  into  pigs.  When 
grey  slags  are  found  to  work  with  difficulty  in  the  slag-hearth,  the  addi. 
tion  of  tap-cinder  is  often  found  advantageous.  The  mixture  smelted  in 
the  slag-hearth  should  not  contain  above  35  per  cent,  of  lead,  and  when 
richer  than  this  should  be  mixed  with  black  slag  or  some  other  poor 
material 

The  Spanish  slag-hearth,  which  has  been  adopted  at  some  of  the  lead- 
works  in  this  country,  is  circular,  and  blown  by  three  tuyers.  Its 
general  construction  very  closely  resembles  that  of  the  Castilian  furnace, 
but  it  is  without  iron  columns,  and  is  connected  with  the  main  flue  by 
a  chimney.  It  is  worked  in  the  same  way  as  the  Castilian  furnace,  but 
the  slags  are  sometimes  run  into  water. 

Castilian  Fubnacb. — ^This  furnace,  which  is  circular,  is  usually  about 
3  feet  internal  diameter,  and  is  constructed  of  fire-bricks,  so  moulded  as 
to  fit  together  and  allow  all  the  various  joints  to  follow  the  radii  of  the 
circle  described  by  the  brickwork.  Its  height  is  about  8  feet^  and  the 
thickness  of  the  masonry  is  usually  9  inches.  In  this  arrangement  the 
breast  is  formed  by  a  deep  semicircular  iron  pan,  furnished  with  a  lip 
for  running  off  the  slags,  and  a  longitudinal  slot  for  the  convenience  of 
tapping.  On  the  top  of  the  brickwork  a  box-shaped  covering  of  masonry 
is  supported  by  a  cast-iron  framing  resting  on  four  pillars,  and  in  this  is 
placed  a  feeding-door,  and  the  outlet  by  which  the  products  of  com- 
bustion, &C.,  escape  into  the  flues.  The  lower  part  of  this  hood  is  fitted 
to  the  body  of  the  furnace,  whilst  its  top  is  closed  by  an  arch  of  brick- 
work laid  in  clay.  The  bottom  consists  of  a  mixture  of  fire-clay  and 
coke-dust  slightly  moistened  and  well  beaten  in  to  the  height  of  the  top 
of  the  breast-pan,  which  may  be  about  3  feet  above  the  floor  level 
Above  the  breast-pan  an  arch  is  frequently  so  turned  that,  when  the 
breast  has  been  built  up,  it  may  form  a  niche  9  inches  in  width  and  12 
inches  in  height  When  the  bottom  has  been  properly  beaten  to  the 
required  height,  it  is  so  hollowed  out  as  to  form  an  internal  cavity  com- 
municating freely  with  the  breast-pan,  which  is  likewise  filled  with 
brasque,  and  subsequently  hollowed  to  the  depth  of  the  internal  basin  of 
the  furnace.  The  blast  is  applied  by  three  tuyers,  each  3  inches  in 
diameter  at  the  smaller  end,  and  5j^  inches  at  the  other,  into  which  the 
nozzles  are  introduced.  The  blast  is  generally  produced  by  a  fan,  and  is 
conveyed  to  the  tuyers  through  brick  channels  beneath  the  floor  of  the 
furnace-shed. 

The  mixture  of  plumbiferous  matter  treated  in  this  apparatus  ought 
never  to  contain  above  30  per  cent  of  lead,  and  if  richer,  should  be  re* 
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duced  to  this  tenure  by  the  addition  of  a  sufficient  amount  of  poor  skgs. 
In  chaiging,  the  coke  should  be  thrown  to  the  middle,  while  the  matteis 
to  be  treated  are  spread  around  next  the  brickwork.  In  this  way  tbe 
furnace  is  prevented  from  becoming  too  hot,  and  the  bricks  are  con- 
sequently preserved  for  a  longer  period  than  they  would  otherwise  be. 

For  the  purpose  of  allowing  the  slags  to  escape  into  the  breast-pan, 
a  hole  is  made  in  front  at  the  height  of  the  fore-hearth,  which,  to  prevent 
the  cooling  of  the  slag,  is  kept  covered  by  a  layer  of  coke-dust  or  cinders. 
From  the  breast-pan  the  slags  flow  continuously  through  an  iron  spout 
into  cast-iron  waggons,  where  they  consolidate  into  masses,  having  the 
form  of  inverted  truncated  pyramids,  of  which  the  larger  base  is  about  20 
inches  square.  When  a  sufficient  amount  of  lead  has  accumulated  in 
the  bottom  of  the  fiimace,  it  is  tapped  into  an  iron  pot  by  removing  a 
plug  of  clay  from  the  tap-hole  situated  in  a  slot  in  the  breast-plate,  and, 
after  being  skimmed,  is  laded  into  moulds. 

The  waggons  in  which  the  liquid  slag  is  received  run  either  on 
iron  plates  or  on  a  tramway,  by  which,  when  one  is  removed,  its  place 
is  supplied  by  another.  When  cold,  the  bodies  of  the  waggons  are 
turned  over  and  the  blocks  of  slag  removed.  One  of  the  advantages 
obtained  by  this  method  of  working  arises  from  the  circumstance  that^ 
should  the  furnace  at  any  time  run  lead  or  matte,  without  its  being 
observed  by  the  smelter,  the  whole  of  it  will  collect  at  the  bottom  of  the 
waggon,  where  the  block  is  contracted,  and  from  which  any  metal  or 
regulus  may  be  removed  when  the  mass  has  sufficiently  cooled. 

These  furnaces  will  smelt  rich  slags  and  other  plumbiferous  matters 
with  an  expenditure  of  about  10  per  cent,  of  coke,  while  the  elags 
obtained  from  them  should  not  contain  above  1  per  cent  of  lead. 

In  working  this  furnace  a  little  scrap  iron  is  generally  used,  and  caie 
should  be  taken  to  prevent  flame  from  appearing  at  its  mouth;  since, 
provided  the  slags  are  liquid  and  flow  readily  off,  the  cooler  the  furnace 
can  be  kept  at  top  the  less  will  be  the  loss  of  lead  through  volatilization. 
In  addition  to  great  attention  being  paid  to  the  working  of  the  fumace, 
it  is  necessary  that  the  establishment  should  be  provided  with  extensive 
flues,  in  which  condensation  of  the  fume  may  take  place  before  arriving 
at  the  chimney  through  which  the  more  volatile  matters  escape.  Am  an 
instance  of  the  economical  working  of  these  furnaces,  it  may  be  stated 
that  slags  giving,  by  fire  assay,  only  8  per  cent,  of  lead,  with  traces  of 
silver  of  no  commercial  value,  have  been  treated  with  advantage  In 
Derbyshire,  where  large  heaps  of  slag  of  the  above  percentage  were 
worked,  some  years  ago,  in  the  Gastilian  furnace,  only  3j^  per  cent  was 
directly  obtained  in  the  metallic  form,  while  4  per  cent  was  recovered 
from  the  flues  in  the  state  of  fume,  and  subsequently  reduced  in  a  rever- 
beratory  fumace. 

When  ores  of  lead  are  treated  in  the  blast-furnace,  they  are  usually 
either  smelted  in  the  raw  state  with  metallic  iron,  or  are  first  roasted  and 
subsequently  fused  with  iron  or  a  ferruginous  flux. 
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Smelting  Raw  Orrs  with  Metallic  Iron. — This  process  was  at  one 
time  extensively  employed  on  the  continent  of  Europe  for  the  reduction 
of  siliceous  lead  ores.  In  Silesia,  where  it  was  long  used,  it  has  heen 
replaced  by  reverberatory  smelting,  while  in  the  Upper  Harz  it  has  been 
superseded  by  a  process  in  which  basic  silicate  of  iron,  in  the  form  of 
finery  slags,  has  been  substituted  for  metallic  iron. 

The  reduction  of  lead  ores,  consisting  principally  of  galena  associated 
with  antimonial  ores,  quartz,  and  spathic  iron  ore,  was  formerly  con- 
ducted at  Clausthal  as  foUows  : — 

,  The  mixture  treated  consisted  of  34  centners  of  picked  ore  and  slime, 
containing  about  56  per  cent  lead  and  36  ounces  of  silver  per  ton ;  4  to  6 
centners  of  Heerd  or  silver-refinery  bottoms  impregnated  with  litharge ; 


Fig.  184.— Old  Furnace,  ClauBthal ;  front  yiew. 

1  centner  of  Ahstrich^  or  antimonial  litharge,  from  the  refinery ;  39  cent- 
ners of  slags,  derived  either  from  the  first  fusion  of  the  ore  treated,  or 
from  the  re-melting  of  mattes ;  and  4}  centners  of  granulated  cast-iron. 

The  fusion  of  this  mixture  was  conducted,  with  soft  wood  charcoal  as 
fuel,  in  a  small  blast-furnace  of  from  20  to  25  feet  in  height,  and  about 
3  feet  square  in  the  widest  part.  The  hearth  of  the  furnace  was  so 
arranged  as  to  extend  beyond  the  breast  into  a  small  raised  platform 
situated  immediately  before  it.  The  lining  of  the  hearth  was  of  refrac- 
tory fire-stone,  and  the  bottom  was  hollowed  out  of  brasque  in  such  a 
way  as  to  afford  a  gentle  slope  from  the  tuyer  to  beyond  the  front 
waU.  A  tapping-hole  entered  the  lowest  part  of  this  basin,  and  afforded 
a  means  of  drawing  off  its  contents  when  accumulated  in  sufficient  quan- 
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tity.  Tkis  receiving  basin,  a,  fig.  184,  was  on  a  level  with  the  floor  and 
at  some  distance  from  the  breast  of  the  furnace,  which  was  supplied  with 
a  blast  through  a  tuyer  situated  at  t,  fig.  185,  which  represents  a  vertical 
section  of  the  same  furnace. 

In  charging  the  mineral,  care  must  be  taken  to  direct  it  towards  the 
side  of  the  tuyer,  while  the  fuel  is  chiefly  thrown  towards  the  breast 
The  cold  air  constantly  entering  through  the  tuyer  cools  the  slag  pro- 
duced in  its  immediate  vicinity,  and  forms  around  the  nozzle  a  circular 
prolongation  of  six  or  seven  inches  in  length,  on  the  proper  management 
of  which  depends,  in  a  great  measure,  the  success  of  the  operation.  One 
of  the  principal  uses  of  these  nozzles  is  to  prevent  oxidation  of  lead ; 
since  the  blast  being  led  to  the  fuel  in  the  centre  of  the  hearth  through, 


Fig.  185.— Old  Furnace,  CUiUBthal ;  Tertical  section. 

but  out  of  immediate  contact  with,  the  mineral  charged  at  the  back  of 
the  furnace,  does  not  so  readily  give  rise  to  the  formation  of  fusible 
silicates  of  lead. 

With  this  view  the  smelter  should  attend  to  the  proper  regulation  of 
the  length  of  the  slag-xiozzle,  as  by  it  the  economical  working  of  the 
furnace  is  materially  affected.  It  is  also  necessary,  by  regulating  the 
supply  of  air  and  fuel,  to  so  arrange  the  temperature  that  the  upper 
part  of  the  shaft  may  not  become  too  strongly  heated,  as  in  that  case 
considerable  quantities  of  lead  are  driven  off.  With  all  these  precau- 
tions, there  is,  however,  a  considerable  loss  from  sublimation,  and  there- 
fore the  gases  passing  from  the  throat,  T,  are  passed  through  chambers, 
C,  fig.  185,  before  escaping  into  the  atmosphere  by  the  chimney,  D. 
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In  these  chambers  laige  quantities  of  fume  accumulate,  which  is  occa- 
sionally removed  through  the  doors,  d^  fig.  184,  for  the  purpose  of  being 
mixed  with  other  lead  products,  and  again  treated  in  the  furnace. 

During  the  whole  time  this  furnace  is  in  action  the  slags  flow  con- 
tinuously into  the  fore-hearth,  where,  being  solidified,  they  are  seized 
with  a  stout  iron  hook,  and  dragged  down  the  inclined  plane,  p,  to  the 
foundry  floor.  When  the  basin,  6,  has  become  filled  with  metsilic  lead, 
the  stopping  is  removed  from  the  tapping-hole  communicating  with  the 
reservoir,  a,  into  which  the  metal  is  drawn  off. 

The  products  thus  run  off  into  the  outer  basin  divide  into  two  parts. 
The  lower  portion  is  metallic  lead,  while  the  higher  consists  of  sulphide 
of  lead,  more  or  less  mixed  with  sulphides  of  other  metals  originally 
present  in  the  ore,  and  particularly  with  sulphide  of  iron,  resulting  from 
the  decomposition  of  galena  by  that  metal  This  substance,  which 
readily  solidifies,  is  the  firsi  matte  (or  echlieghleistein),  and  is  removed 
from  the  surface  of  the  bath  by  an  iron  eye,  around  which  a  circular 
cake  is  allowed  to  solidify,  and  is  stowed  away  for  subsequent  treatment 
The  lead  is  afterwards  laded  into  moulds.  The  poorer  slags  are  thrown 
away,  while  those  which  contain  lead  are  added  as  flux  in  a  future 
operation.  When  a  sufficient  quantity  of  rich  slag  is  not  to  be  procured, 
some  of  the  poorer  slags  are  used  for  this  purpose ;  but  this  never  takes 
place  excepting  when  a  proper  supply  of  the  richer  kind  is  not  to  be 
obtained.  The  products  resulting  from  a  mixture  having  the  composition 
before  given,  consisted  of  19  centners  of  lead  and  8  centners  of  first 
matte,  containing  from  30  to  35  per  cent  of  lead. 

When  a  considerable  quantity  of  these  first  mattes  had  accumulated 
in  the  establishment  they  were  roasted  in  heaps,  laid  on  a  stratum  of 
fuel,  and  by  this  means  large  quantities  of  sulphur  and  sulphurous  anhy- 
dride were  disengaged. 

This  first  roasting  occupied  from  three  to  four  weeks,  at  the  expiration 
ot  which  time  the  heap  was  carefully  picked  over  and  the  products 
divided  into  two  classes;  those  portions  which  had  been  sufficiently 
roasted  being  again  taken  to  the  furnace  and  re-treated,  while  fragments 
which  still  retained  a  considerable  amount  of  sulphur  were  subjected  to 
a  second  process  of  roasting.  By  this  process  eight  to  nine  successive 
roastings  were  necessary  before  the  whole  of  the  matte  was  obtained  in 
a  fit  state  for  smelting. 

When  sufficiently  roasted,  the  mattes  were  fused  in  a  small  blast- 
furnace, after  being  mixed  in  about  the  following  proportions  with  various 
other  materials : — 

82  centners  of  roasted  matte. 

80         „       of  rich  ore-fumaoe  slags  requiring  cleaning. 
4  to  5        ,,      of  Heerd. 
2        „       of  Abstrich. 

2        „       of  slags  from  the  litharge-reviving  furnace. 
1        n      of  granulated  cast-iron. 

2  Q 
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The  furnace  in  which  this  mixture  was  introduced  was  about  5  feet 
in  height,  and  considerably  contracted  in  the  vicinity  of  the  hearth, 
which,  as  in  the  case  of  the  larger  apparatus,  was  provided  with  a  sloping' 
fore-hearth,  and  a  distinct  tapping-basin  for  the  reception  of  the  metallic 
products. 

The  fuel  employed  was  mixed  charcoal  and  coke,  and  the  blasts  sup- 
plied by  a  single  tuyer,  was  conducted  into  the  furnace  Uirough  a  alag- 
nozzle  about  3  inches  in  length.  During  the  process  of  roasting,  the 
larger  portion  of  the  sulphide  of  iron  passed  to  the  state  of  peroxide, 
and  during  the  subsequent  fusion,  this  oxide,  partially  reduced  by  the 
fuel,  became  protoxide,  and  united  with  the  siliceous  matters  present  to 
form  a  vitreous  fusible  slag ;  which,  flowing  through  the  aperture  of  the 
fore-hearth,  was  continually  removed.  The  sulphide  of  lead  was  at  the 
same  time  reduced  through  the  agency  of  metallic  iron,  and  new  mattes 
somewhat  analogous  in  their  composition  to  the  first  were  obtained. 

These,  when  sufficiently  solidified  by  cooling,  were  removed  in  the 
way  already  described,  after  which  the  lead  was  taken  out  in  iron  ladles 
and  cast  into  pigs. 

The  treatment  of  32  centners  of  roasted  matte,  with  its  associateil 
fluxes  and  other  products,  afforded,  at  Clausthal,  12  centners  of  metallic 
lead  and  8  centners  of  second  matte. 

The  second  mattes  were  subjected  to  a  treatment  similar  to  that 
employed  for  those  obtained  by  the  direct  treatment  of  the  ores.  They 
first  underwent  one  or  more  roastings,  and  were  subsequently  treated  in 
the  same  furnace  and  with  the  same  additions  as  those  employed  in  the 
case  of  first  mattes.  In  this  way  a  further  amount  of  metallic  lead  and 
a  third  matte  were  obtained ;  this  was  again  roasted,  fused  with  a  proper 
addition  of  fluxes  and  other  matters,  and  metallic  lead  and  &  fourth  maiie 
were  the  result.  The  copper,  of  which  a  small  quantity  only  is  contained 
in  the  original  ore,  having  a  greater  affinity  for  sulphur  than  is  possessed 
by  lead,  accumulated  in  these  mattes,  which,  after  the  fourth  roasting 
and  fusion,  became  rich  in  that  metal.  The  sulphide  last  obtained, 
known  by  the  name  of  copper  maite^  or  Kupfei-stein,  was  subsequently 
treated  for  coarse  copper. 

The  above  process  has  been  so  far  modified  in  late  years  that)  while 
still  retaining  the  method  of  desulphurizing  the  ore  in  the  furnace,  it  is 
no  longer  done  by  metallic  iron,  but  by  slags  containing  from  60  to  70 
per  cent,  of  ferrous  oxide,  brought  from  the  Lower  Harz  copper-works. 
The  lead  matte,  or  Bleistein^  is  now  first  burnt  in  kilns,  finished  in  open 
heaps,  and  constantly  returned  to  the  ore-smelting  furnace  until  the  con- 
tained copper  is  concentrated  to  about  13  per  cent.,  when  it  is  passed  on 
to  a  furnace  for  the  production  of  copper  regulus.  The  furnaces  now 
used  at  Clausthal  are  circular  in  form,  with  a  working  height  of  about 
16^  feet  above  the  tuyers,  6^  feet  in  diameter  at  the  throat,  and  3  feet 
in  the  hearth.  A  tube  20  inches  in  diameter  plunges  about  2^  feet  into 
the  top  of  the  column  of  materials,  and  carries  off  the  gases  to  the  flue- 
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chambera  Blast  is  supplied  through  four  water-tuyers,  and  the  con- 
sumption of  fuel  is  40*6  of  coke  and  2  5  of  charcoal  per  100  parts  of 
raw  ore  smelted.  From  7^  to  8  tons  of  materials  are  passed  through 
the  furnace  in  twenty-four  hours.  The  slags  are  re-smelted  when  con- 
taining 5  per  cent  of  lead,  and  about  6  dwts.  of  silver  per  ton. 

Treatment  of  Lead  Ores  by  Eoasting  and  subsequent  SHELTiNa 
WITH  Mbtaluo  Iron. — The  method  of  smelting  employed  at  Pontgibaud^ 
affords  a  good  example  of  the  treatment  of  highly  siliceous  lead  ores  by 
roasting  and  subsequent  fusion  with  metallic  iron  in  the  blast-furnace. 
The  average  produce  of  the  stuff,  as  extracted  from  the  mines,  is  about  5 
per  cent,  and  consequently  large  quantities  have  to  pass  through  the 
various  processes  of  crushing  and  washing  in  order  to  obtain  the  amount 
of  ore,  containing  on  an  average  50  per  cent  of  lead,  annually  treated 
in  the  establishment.  As  much  cobbed  ore  as  practicable  is,  however, 
selected  by  hand  picking,  in  order  to  avoid,  as  far  as  possible,  the  loss 
incident  to  mechanical  preparation.  The  ores,  which  vary  considerably 
in  richness,  both  as  regards  lead  and  silver,  are  delivered  to  the  works 
in  a  ground  state ;  the  gangue  is  always  highly  siliceous,  but  blende, 
barium  sulphate,  arsenical  and  ordinary  iron  pyrites  are  also  present 

All  assays  are  made  in  iron  crucibles,  and,  when  properly  conducted, 
yield  results  nearly  as  high  as  those  obtained  by  the  wet  way ;  this  is 
doubtless  owing  to  the  impurities  in  the  button  of  lead  compensating  for 
loss  by  volatilization. 

The  process  employed  at  Pontgibaud  for  the  treatment  of  argentiferous 
galena  comprehends  two  distinct  operations,  namely : — 

a.  Calcining  and  fluxing  in  a  reverberatory  furnace. 

b.  Smelting  the  fluxed  ore  with  metallic  iron  in  a  blast-furnace, 
a.  Calcining  and  fluxing. — ^Although  the  ores  do  not  materially  differ 

as  regards  the  nature  of  their  gangue,  they  vary  considerably  in  richness, 
and  consequently  in  the  proportion  of  earthy  matter  they  contain.  It 
has  therefore  been  found  desirable,  before  commencing  their  treatment, 
to  prepare  a  uniform  mixture  from  all  the  parcels  of  ore  available.  On 
this  greatly  depends  the  regularity  of  the  subsequent  operations,  and 
in  a  great  measure  also  their  economical  working. 

As  it  would  be  difficult  to  thoroughly  mix  the  whole  of  the  various 
parcels  of  ore,  sometimes  amounting  to  several  hundred  tons,  a  lit  de 
grillage  of  20  tons  (20,000  kilos.),  or  a  little  more  than  the  quantity 
usually  calcined  per  diem,  is  prepared.  This  is  done  by  weighing  out 
and  spreading  in  thin  layers,  one  above  another,  the  exact  proportion  of 
20  tons  which  each  parcel  bears  to  the  total  quantity  in  stock.  The  bed 
being  thus  prepared,  the  charges  are  obtained  by  cutting  down,  perpen- 
dicularly, with  a  shovel,  the  pile  of  stratified  ore,  in  such  a  way  that 
every  ton  of  the  mixture  removed  shall  have  the  composition  of  the 
entire  mass.     To  this  mixture  of  ores  are  added  the  calcined  mattes 

1  Tbe  minefl  and  smelting  works  of  Pontgiband,  Puy-de-Ddme,  France,  haye,  since 
1863,  been  carried  on  under  English  management. 
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resulting  from  smelting  in  the  l)last-f umace ;  these  usually  contain  ahont 
17  per  cent  of  lead  and  14  ounces  of  silver  per  ton,  and  constitute  about 
10  per  cent  of  the  charge.  The  object  of  adding  them  to  the  lits  de 
grillage  is,  that  the  oxide  of  iron  may  serve  as  a  flux  at  the  dose  of  the 
operation  of  roasting.  As  the  ores  are  always  very  quartzose  a  little 
mill-cinder  is  added  in  addition  to  the  calcined  matte. 

This  mixture  is  calcined  in  large  reverberatory  furnaces,  worked  from 
both  sides,  40  feet  in  length,  outside  measure,  and  15  feet  in  width  at 
the  widest  part.  The  exterior  is  built  of  cut  lava,  and  the  sides,  bottom, 
and  roof  are  of  fire-brick  This  furnace  is  provided  with  twelve  working- 
doors,  and  is,  as  before  stated,  furnished  with  a  brick  bottom.  Of  the 
six  doors  on  each  side  of  the  furnace,  two  correspond  with  each  charge, 
and  enable  the  workmen  to  turn  or  advance  the  ore  when  required 

The  diflferent  parts  of  the  furnace  occupied  in  succession  by  every 
charge  may  be  distinguished  as  follows : — 

1st  Drying-bed  immediately  under  the  charging-hoppers  and  furthest 
removed  from  the  fire-place. 

2nd.  Desulphurizing  or  oxidizing -bed,  occupying  the  middle  and 
widest  part  of  the  furnace. 

3rd.  Fluxing-bed,  next  the  fire-place. 

The  first  two  are  on  the  same  level,  and  the  third  about  6  inches 
lower  than  the  two  others. 

At  intervals  of  six  hours,  a  charge  of  fused  ore  is  withdrawn  by  tap- 
ping, and  the  other  charges  in  the  furnace  are  advanced  a  stage  in  the 
direction  of  the  fire-place,  while  a  fresh  charge  is  let  down  from  the 
hoppers  upon  the  drying-bed  beneath.  The  time  each  charge  remains  in 
the  furnace  is  consequently  eighteen  hours ;  8  tons  (8,000  kilos.)  are  thus 
roasted  and  fluxed  in  the  course  of  twenty-four  hours,  with  a  consump- 
tion of  about  2  tons  (2,000  kilos.)  of  coal,  and  the  addition  of  6  percent 
of  lime.  The  amount  of  iron  slag  added  is  about  7  per  cent ;  but  what- 
ever the  proportion  of  slag  or  lime  may  be,  the  weight  of  ore  charged 
remains  constant  Four  men  per  shift  of  twelve  hours  are  employed 
at  each  furnace,  and  the  loss  of  lead  during  the  operation  is  from  2 
to  3  per  cent 

h.  Smelting, — ^The  fusion  of  the  roasted  ore  and  fluxes  was  for  many 
years  eflfected  in  Castilian  furnaces  constructed  of  blocks  of  cut  lava,  of 
which  fig.  186  represents  a  front  elevation.  Their  height  from  the  slag- 
overflow,  a,  to  the  charging-door  at  the  back,  was  5  feet,  and  their  internal 
diameter  35  inches ;  diameter  of  tuyers,  3  inches ;  pressure  of  blast,  4 
inches  of  water.  The  blast  was  supplied  by  the  nozzles,  ft,  of  which 
there  were  three  in  connection  with  the  mains,  c;  the  tapping-hole  was 
in  the  opening,  d,     Water-tuyers  were  not  used. 

The  lits  de  fiunon  were  composed  as  follows  : — 

KUoB. 

Roasted  ore 10,000 

Scrap-iron 1,000 

Limestone 1,600 

Fluor-spar 300 
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The  above  figures  give  the  average  quantities  of  flux  in  the  furnace 
mixtures ;  they  were,  however,  modified  with  the  nature  of  the  ores,  the 
proportions  of  limestone  and  fluor-spar  varying  most  considerably. 

The  mode  of  charging  was  similar  to  that  employed  for  other  furnaces 
of  this  kind,  the  ore  being  principally  distributed  around  the  sides,  and 
4he  coke  kept  in  the  middle  and  towards  the  breast.  This  furnace  was 
maintained  constantly  full,  and  care  was  taken  not  to  allow  flame  to 
appear  above  the  top  of  the  charge ;  the  breast-pan  was  large  and  held 
from  15  to  20  pigs  of  lead. 

From  13  to  15  tons  of  roasted  ore  were  smelted  in  the  course  of  twenty- 


Fig.  186.— CMtillan  Furnace,  Pontgibaud ;  eloTation. 


four  hours,  with  a  consumption  of  about  1  ton  of  coke ;  the  quantity  of 
lead  obtained  during  the  same  time  was  from  100  to  120  pigs,  or  from  5 
to  6  tons.  In  addition  to  lead,  the  ores  yielded  from  7  to  10  per  cent. 
of  matte. 

The  slags,  under  the  most  favourable  circumstances,  contained  nearly 
2  per  cent,  of  lead ;  when  it  exceeded  3  per  cent,  they  were  re-smelted. 
It  was  found,  by  assay,  that  the  slags  poorest  in  lead  contained  at  least 
40  per  cent  of  ferrous  oxide,  but  that  this  might  be  partially  replaced 
by  lime,  especially  when  fluor-spar  was  added  to  the  charge.  Slags  in 
which  oxide  of  iron  had  been  replaced  by  lime  were,  however,  never  so 
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poor  in  lead  as  those  haying  the  normal  composition,  while  the  amount  of 
that  metal  volatilized  was  considerably  increased.  The  proportion  of 
slags  produced  was  from  65  to  70  per  cent,  of  the  ore  smelted,  and  as 
they  flowed  from  the  furnace  they  were  received  into  cast-iron  waggons, 
which  when  full  were  drawn  to  the  waste  heaps  and  tipped. 

The  lead  obtained  from  the  Castilian  furnace  contained  almost  the 
whole  of  the  silver  originally  present  in  the  ores,  except  the  comparatively 
small  proportion  combined  with  the  mattes  or  retained  in  the  slags.  The 
usual  assay  of  the  mattes  was  from  15  to  20  per  cent,  of  lead  and  from 
12  to  16  ounces  of  silver  per  ton;  the  amount  of  silver  per  ton  (1,000 
kilos.)  of  lead  varied  from  about  95  to  125  ounces,  since  not  only  do  the 
Pontgibaud  ores  vary  in  their  yield  of  this  metal,  but  other  ores  are 
sometimes  purchased  and  smelted  with  them.  The  whole  of  the  silver 
in  the  mattes,  and  a  portion  of  that  in  the  slags,  was  recovered  during 
subsequent  operations,  but  traces  of  that  metal  are  nevertheless  unavoid- 
ably lost.  According  to  assay,  this  loss  amounted  to  6  "12  dwts.  per  ton 
of  slag,  or  about  0*568  per  cent,  of  the  total  quantity  contained  in  the 
ores.  A  certain  amount  of  silver  was  also  volatilized  with  the  lead,  but 
what  proportion  was  lost  from  this  cause  could  not  be  easily  determined. 
That  it  was,  however,  very  small  is  probable,  from  the  known  behaviour  of 
silver  in  a  reducing  atmosphere,  and  from  the  low  proportion  of  that  metal 
found  by  assay  in  the  fumes  collected  from  the  flues  and  condensera 

The  proportion  of  silver  thus  carried  off,  and  subsequently  recovered 
in  all  the  various  processes,  including  cupellation,  amounted  to  only 
0*470  per  cent,  of  the  total  quantity  contained  in  the  ores. 

The  loss  of  lead  in  smelting  ores  in  the  blast-furnace  amounted  to  17 
per  cent  of  the  quantity  contained  in  them ;  2  per  cent,  of  this  was  sub- 
sequently recovered  from  slags  by  re-smelting,  and  about  3J  per  «ent 
from  fumes.  The  actual  loss  in  the  operation  was  consequently  equal  to 
11 J  per  cent,  of  the  total  quantity  indicated  by  assay  as  contained  in 
the  ores. 

The  fume  collected  from  the  flues  was  subsequently  mixed  with  sili- 
ceous ores,  and  fused  in  a  calcining  furnace.  The  fused  mass  thus 
obtained  was  smelted  in  the  blast-furnace  like  ordinary  ores.  The  fume 
and  ore  were  mixed  in  the  following  proportions,  and  charged  into  the 
calcining  furnace,  through  the  working-doors,  upon  the  middle  bed. 

Fume  60  parts,  assay  62*7  per  cent.  lead. 
Ore      40     „        „      400 

Each  charge  weighed  2^  tons,  and  Ave  charges,  or  12^  tons,  could  be 
passed  through  a  furnace  in  twenty-four  hours ;  the  loss  of  weight  expe- 
rienced being  about  15  per  cent.  The  same  number  of  men  were  em- 
ployed as  for  roasting  ore ;  the  consumption  of  coal  was  17  per  cent^,  and 
of  lime  3  per  cent.,  of  the  weight  of  calcined  stufi!. 

The  furnace-mixtures,  for  fume  and  ore,  were  composed  as  fol- 
lows : — 
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Kilos. 

Fume  and  oi*e  10,000 

Iron 1,200 

Linieatone    ..  8,500 

Flaor-spar 300 

16,000 

The  above  quantity  was  smelted  in  the  Castilian  furnace  in  twenty- 
four  hours,  with  a  consumption  of  9  per  cent  of  coke. 

The  quantity  of  fume  annually  collected  was  about  loO  tons,  averaging 
57  per  cent,  of  lead  and  4  ounces  6  dwts.  of  silver  per  ton.  Its  richness 
varied  in  different  parts  of  the  flue,  but  in  general  the  percentage  of  lead 
increased,  while  the  proportion  of  silver  decreased  with  the  distance  from 
the  furnaces.  The  lead  recovered  from  fume  amounted  to  78*57  per 
cent,  of  the  quantity  contained  in  it,  as  indicated  by  assay ;  or  3*67  per 
cent,  of  the  total  quantity  in  the  ore. 

The  lead  produced  from  the  blast-furnace  required  to  be  softened 
before  desilverization  by  Pattinson's  process.  This  was  effected  by 
exposing  it  at  a  low  red-heat  to  partial  oxidation  in  a  reverberatory 
furnace. 

Losses  of  Lead  and  Stiver. — 'From  100  parts  of  lead  contained  in  the 
ores  treated,  85*75  parts  were  obtained,  either  directly  or  from  fumes  and 
slags,  namely — 

Per  Cent. 
From  ores      .        .  ....     80*04 

From  fumes 3*67 

From  slags 204 

85-76 

'In  desilverizing  the  lead  by  crystallization  a  loss  of  3*25  per  cent,  was 
experienced,  the  total  weight  of  poor  lead  produced  for  sale  being  82*50 
per  cent,  of  the  quantity  contained  in  the  ores.  The  loss  in  desilverizing 
was  distributed  as  follows — 

Per  Cent 

Kefining  and  reducing 1*26 

Improving  and  reducing         .  .        .2*00 

3-25 

The  loss  of  lead  in  the  three  principal  divisions  of  the  Pontgibaud 
process  was  therefore — 

Percent. 
In  roasting       .......     2*60 

In  smelting 11*76 

In  desilverizing 3*26 

17-50 

The  percentage  losses  on  the  total  quantity  of  silver  obtained  from 
the  ore  were — 
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Per  Gent. 

In  Blags 0*568 

In  market  lead 0*533 

l-lOl^ 

By  the  processes  employed  when  the  Castilian  furnace  was  in  opera- 
tion the  annual  production  of  silver  is  from  3^  to  4  per  cent,  in  excess 
of  that  indicated  by  assay  of  the  ores  treated. 

Of  100  parts  of  silver  produced 

98*82  were  obtained  direct  from  the  ores, 
0'd4  ,,  from  the  slags,  j 

0*54  ,,  from  the  fumes. 

The  quantities  of  lead  and  silver  produced  at  the  Pontgibaud  smelting 
works  (from  local  and  purchased  ores)  for  the  year  1880  were  as  follow : — 

Lead 1,424  tons. 

Silver 174,012  ounces. 

The  Castilian  furnace  has  now,  for  some  time,  been  replaced  at 
Pontgibaud  by  the  water-jacket  furnace,  figs.  187,  188,  described  at  pp. 
618, 619,  as  being  employed  at  Coueron.  These  new  furnaces,  in  a  given 
time,  get  through  a  larger  amount  of  material  than  the  old  ones,  wiUi 
only  a  slightly  increased  expenditure  of  fueL  The  action  of  the  water- 
jacket  furnace  is  continuous,  so  that  there  is  no  loss  of  time,  and  the 
expense  of  repairs  is  much  reduced.  The  calcination  and  fluxing  of  the 
ores  at  these  works  previous  to  smelting  are  conducted  as  formerly,  the 
furnace -mixtures  being  exactly  similar  to  those  used  in  the  Castilian 
furnace — the  general  routine  of  the  operations  in  the  establishment 
remaining  unchanged,  except  that  the  separation  of  silver  from  lead  is 
now  effected  by  zinc. 

Treatment  op  Silioboub  Ores  at  CouMron. — ^This  treatment  compre- 
hends two  distinct  operations :  ^ — 

a.  Calcination  in  the  reverberatory  fumaca 

h.  Eeduction  in  the  blast-furnace,  with  lime  and  basic  silicates  of  iron 
as  fluxes. 

a.  Calcination, — The  reverberatory  furnace  employed  for  this  purpose 
is  similar  in  form  and  dimensions  to  that  represented  in  figs.  181,  182, 
183,  p.  591,  592 ;  the  only  difference  in  the  two  being  that  the  furnace 
used  for  roasting  has  no  tapping-pot,  and  has  the  bottom  filled  with 
black  slag,  level  with  the  working  doors,  so  as  to  form  a  flat  hearUi  on 
which  the  charge  may  be  uniformly  spread  and  exposed  to  the  fire.  The 
ores  roasted  in  this  furnace  contain  from  50  to  60  per  cent  of  lead,  with 
variable  proportions  of  silica.  They  are  worked  in  charges  of  1,400  kilos., 
or  about  28  cwts.,  each. 


^  Ab  indioated  hy  the  aasay  of  slags  and  market  lead ;  the  actual  production  wu 
*  "ihat  found  hy  the  assay  of  ores, 
treating  lead  ores  was  introduced  at  Ooueron  hy  the  Iste  Mr. 


slightly  in  excess  of  that  found'hy  the  assay  of  ores. 
I  This  method  of  treating  lead  ores  was  introd 


William  Hutchison. 
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Each  charge  is  placed  ready  in  the  hopper  above  the  furnace  in  order 
that  it  may  be  let  down  when  required,  without  loss  of  time.  Ores  which 
are  not  sufficiently  small  are  ground,  and  sifted  through  sieves  with 
meshes  |  of  an  inch  in  diameter. 

The  interior  of  the  furnace  being  red  hot,  the  charge  is  introduced 
and  at  once  spread  evenly  over  the  hearth;  the  damper  having  been 
previously  run  down  to  the  lowest  point  so  as  to  reduce  the  draught,  and 
thereby  prevent  mechanical  loss  of  fine  ore.  The  working-doors  are 
now  closed,  and  the  charge  is  left  undisturbed  until  decrepitation  has 
entirely  ceased  and  the  ore  has  become  partially  red  hot.  It  is  then 
carefully  rabbled,  so  as  to  expose  the  under  parts  to  the  heat,  and  a  few 
minutes  afterwards  is  turned  with  paddles.  In  about  an  hour  the  charge 
will  have  acquired  a  uniform  dull-red  heat.  More  air  is  then  admitted 
by  partially  opening  the  fire-door  and  the  two  working-doors  nearest  the 
bridge.  The  damper  is  at  the  same  time  so  adjusted  as  to  afford  only 
sufficient  draught  for  the  free  escape  of  sulphurous  fumes.  The  charge 
is  turned  or  rabbled  at  intervals  of  about  a  quarter  of  an  hour,  so  as  to 
expose  fresh  surfaces^to  the  oxidizing  action  of  the  an^md,  by  that 
means,  to  convert  the  sulphides  into  oxides  ami  suluUp^with  evolution 
of  sulphurous  anhydi^ge. 

The  partial  openinghf  the  doors  ^^^^adniisf^ion  of  air  has  the 
effect  of  cooling  the  charge  below  the  te^^^^^  requisite  for  oxidation, 
and  in  order  to  maintain  it  at  the  ptop^^H^B^ieatf  it  is  necessary 
to  close,  from  time  to  time,  all  the  doors,  anS^TkroVa  few  shovelsful 
of  fuel  on  the  fire.  The  fuel  preferred  at  this  stage  01  tbo  process  is 
cinders,  since  in  burning  they  yield  but  little  flame  ;  care  must,  however, 
be  taken  not  to  raise  the  heat  beyond  the  proper  point,  or  it  will  cause 
the  ore  to  clot,  thereby  rendering  its  subsequent  desulphurization,  within 
a  reasonable  time,  impossible.  Whenever  it  evinces  a  tendency  to  soften, 
the  doors  are  at  once  opened  and  the  damper  is  raised,  until  the  charge 
has  cooled  to  the  proper  temperature. 

The  alternate  heating  and  cooling  of  the  charge  is  repeated  at  frequent 
intervals  during  the  entire  process,  and  in  such  a  way  that,  while  furnished 
with  a  plentiful  supply  of  air,  it  is  maintained,  as  nearly  as  possible,  at  a 
dull-red  heat  without  clotting.  The  ore  is  raked  and  turned  at  regularly 
recurring  intervals,  until  at  the  end  of  six  hours  it  contains  a  sufficient 
amount  of  oxide  and  sulphate  of  lead  to  effect  the  decomposition  of  a 
large  portion  of  the  remaining  sulphide  of  lead  during  the  subsequent 
stage  of  agglomeration.  Six  hours  are  generally  found  to  be  sufficient  to 
determine  the  necessary  desulphurization  of  ordinary  ores.  At  the  expira- 
tion of  that  time  the  heat  is  considerably  increased  in  order  to  effect  the 
agglomeration  of  the  charge  and  to  give  it  the  cohesion  necessary  for  passing 
through  the  blast-furnace.  The  grate  is  therefore  cleaned  from  clinker, 
the  damper  driiwn  up,  and  fresh  coals  put  on  until  a  good  fire  is  obtained. 
Under  the  influence  of  the  increasing  temperature  the  charge  soon  begins 
to  soften,  and  at  the  same  time  it  is  constantly  raked,  turned  with  the 
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paddle,  and  advanced  towards  the  bridge.     In  proportion  as  it  melts  it  is 
raked  through  one  of  the  working-doors  upon  the  floor  of  the  furnace- 


Fig.  187.— Water-jacket  Furnace,  CouSron ;  Tertical  section. 

house.     At  the  expiration  of  about  two  hours  the  whole  of  the  cliai^« 
will  have  become  agglomerated,  and  is  withdrawn.     A  fresh  charge  is 
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now  let  down  from  the  hopper,  spread  evenly  over  the  sole  as  before,  and 
the  operation  of  roasting  is  repeated.  In  this  way  three  charges  of  1,400 
kiloa  each  are  worked  in  twenty-four  hours ;  two  men  are  employed  per 
shift  of  twelve  hours,  and  the  consumption  of  coal  amounts  to  22  per 
cent,  of  the  weight  of  raw  ore  treated. 

b,  Eeduetion  of  CcUeined  Ores  and  Grey  Slags, — ^The  form  and  arrange- 
ment of  the  blast-furnace  employed  at  Coueron  will  be  understoo4  from 
the  woodcuts,  figs.  187  and  188 ;  of  which  the  first  is  a  vertical  section 
through  the  fore-hearth,  and  the  second  a  horizontal  section  through  the 
tuyers,  but  without  the  slag-lip,  I.  It  is  considerably  higher  than  the 
ordinary  Castilian  furnace,  and  is  charged  at  the  top ;  the  brickwork  of 
the  lower  portion  of  the  furnace,  which  is  usually  burnt  through  very 
rapidly,  being  replaced,  to  a  height  of  about  3  feet,  by  an  annular  cylin- 
der of  iron.  A,  kept  cool  by  the  circulation  through  it  of  a  constant 
stream  of  water.  The  whole  of  the  upper  part,  B,  is  cased  with  strong 
sheet-iron,  riveted  together  so  as  to  prevent  the  escape  of  fume. 


F!g.  18S.~Water^]acket  Furnace^  CouBron ;  horUontal  sectioxL 

The  body,  A,  is  either  made  of  cast-iron  in  one  piece,  with  five 
tuyers,  c,  equidistant  from  one  another,  and  converging  towards  the 
vertical  axis  of  the  furnace,  or  of  ^inch  boiler-plate.  The  number  of 
tuyers,  and  their  position,  are  matters  of  importance  as  affecting  the 
working  of  the  furnace.  Were  fewer  tuyers  employed,  and  were  they 
placed  farther  from  the  breast,  as  is  generally  the  case,  the  cooling  effect 
of  the  water  in  front  would  be  prejudicial  to  the  regular  descent  of  the 
charge.  In  this  furnace  as  much  as  25  to  30  tons  of  stuff  are  smelted  in 
twenty-four  hours,  the  slags  being  reduced  at  the  same  time  to  a  yield  of 
}  to  ^  per  cent  of  lead. 

In  making  the  hollow  jacket.  A,  it  is  important  not  only  that  the 
tuyers  should  be  equidistant  from  one  another  and  converging  towards 
the  central  axis  of  the  furnace,  but  also  that  they  should  be  perfectly 
round,  and  have  their  axes  placed  horizontally.  During  the  working  of 
this  apparatus  attention  must  be  paid  to  keeping  up  a  regular  supply  of 
cold  water. 

The  arrangement  shown  in  dotted  lines  on  the  vertical  section,  fig.  187 
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is  the  most  convenient  for  the  escape  of  the  warm  water,  since  it  enables 
the  workmen  to  see  at  a  glance  the  quantity  and  temperature  of  the  water 
as  it  flows  from  the  outlet-pipes,  dy  and  falls  into  a  funnel,  e,  placed 
beneath  and  in  connection  with  a  drain.  On  the  side  opposite  that 
from  which  the  warm  water  escapes  an  inlet-pipe  is  fixed,  which  conducts 
cold  water  to  the  bottom  of  the  jacket ;  this  pipe  is  about  1^  inch  in 
diameter,  and  is  provided  with  a  tap  to  regulate  the  supply. 

The  sheet-iron  hood,  /,  shown  in  fig.  187,  is  placed  over  the  fore- 
hearth,  g^  for  the  purpose  of  canying  off  the  fume  which  escapes  from 
the  breast,  and  might  injuriously  affect  the  health  of  the  charger  work- 
ing on  the  top.  This  hood  is  so  arranged  as  not  to  interfere  with  the 
work  at  the  fore-hearth,  since,  when  necessary,  it  can  be  pulled  up  on  its 
hinges  out  of  the  way  of  the  workmen  by  a  chain,  A,  and  pulley,  i; 
the  iron  cylinder  with  five  tuyers  can  be  adapted  to  the  ordinary 
furnace,  charged  at  the  side  or  back  in  the  usual  way.  It  is  never- 
theless thought  that  this  system  of  charging  on  the  top  through  the 
iron  cylinder,  C,  closed  by  the  cover  EI,  is  to  be  preferred  for  lead 
furnaces  to  the  old  plan,  as  preventing,  to  a  great  extent^  the  entrance  of 
atmospheric  air  into  the  flue.  The  products  of  combustion,  &c,  escape 
by  the  flue,  L,  and  the  bottom  of  the  furnace,  D,  is  cut  out  of  a  mass  of 
brasque,  E,  in  the  usual  way. 

The  adoption  of  the  water-jacket  has  led,  at  CouSron,  to  a  consider- 
able saving  in  repairs,  bricks,  clay,  iron,  and  wages.  The  most  important 
economy,  however,  is  in  smelter's  wages.  Owing  to  the  fact  that  the 
time  required  at  the  old  furnaces  to  patch  up  the  sides  is  now  entirely 
employed  in  smelting,  a  proportionately  larger  quantity  of  stuff  is 
worked  through.  The  greater  regularity  in  tiie  working  of  this  furnace 
has  the  effect  of  rendering  the  slags  poorer  than  they  were  formerly. 
There  is,  therefore,  not  only  a  saving  of  lead  from  this  source,  but  also  a 
reduction  of  cost  consequent  on  there  being  no  rich  slags  to  re-work. 

The  quantity  of  siliceous  ores  smelted  at  Coueron  being  relatively 
small,  it  is  more  convenient  and  economical  to  mix  them  with  grey  slag, 
fume,  &c,  than  to  treat  them  alone.  The  following  is  the  usual  com- 
position of  the  mixture  smelted : — 

Kiloo. 
Grey  slags  from  reyerberatory  furaaces        .    10,000 

Calcined  ore 2,000 

Agglomerated  fume 2,000 

Iron  slags 8,000 

17,000 

Before  lighting  this  furnace  the  iron  casing  is  filled  with  water  by 
opening  the  cock  at  the  back,  and  a  small  fire  only  is  at  first  made,  with 
wood  and  coke,  for  the  purpose  of  drying  and  heating  the  bottom,  "£. 
This  fire  is  kept  up  until  the  bottom  becomes  perfectly  dry  and  is  suffi- 
ciently hot  to  prevent  the  first  slags  from  setting  and  reducing  the 
capacity  of  the  breast-pan.     Coke  is  now  charged  at  frequent  intervals, 
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Tiniil  tlie  furnace  contains  a  mass  of  burning  fuel  to  a  height  of  3  feet 
above  the  tuyers. 

The  natural  draught  is  at  first  sufficient  to  carry  on  combustion,  but 
when  the  mass  has  become  thoroughly  ignited  a  light  blast  is  introduced 
through  the  tuyers.  Before  turning  on,  however,  the  blast  from  the  fan, 
the  fore-breast  is  cleaned  out,  and  some  burning  coke  is  pulled  forward 
to  the  level  of  the  lip,  I ;  this  is  covered  with  a  shovelful  of  cinders,  and 
the  opening  closed  by  stiff  clay.  A  hole  is  made  with  a  pointed  bar 
t)etween  the  cinders  and  the  day,  so  as  to  allow  a  jet  of  flame  to  escape 
for  the  purpose  of  heating  the  fore-breast  and  preventing  the  first  outflow 
of  slag  from  adhering  to  the  front  After  a  few  minutes  this  flame  is 
stopped  by  putting  a  lump  of  coke  before  the  hole,  together  with  two  or 
three  shovelsful  of  cinders.  Should  these  not  suffice,  some  clay  is  pressed 
down  on  the  cinders  to  increase  their  cohesion.  The  tap-hole  is  likewise 
left  open  for  a  short  time  after  the  blast  has  been  turned  on,  and  is 
afterwards  closed  with  stiff  clay. 

The  furnace  is  at  first  charged  with  slag  only,  until  fused  slag  begins 
to  appear  before  the  tuyers.  The  charging  of  the  furnace  mixture,  alter- 
nately with  the  requisite  proportion  of  coke,  is  then  begun  and  sub- 
sequently continued  with  but  little  interruption,  until  the  furnace  has 
become  filled  to  the  height  of  the  hopper,  G,  below  which  the  charge  must 
not  be  allowed  to  sink.  The  mixture  to  be  smelted  is  introduced  equally 
all  round  and  against  the  sides  in  such  a  way  that  a  depression  is  left  in 
the  middle  after  each  charge  for  the  reception  of  coke.  From  the  moment 
the  charge  has  attained  a  proper  height  in  the  furnace,  the  blast  is  increased 
to  its  full  force,  the  tuyers  being  worked  with  a  very  short  nose  of  slag, 
and  kept  constantly  bright. 

During  the  heating-up  of  the  furnace  the  water  in  the  iron  casing 
becomes  hot,  and  must  be  constantly  renewed  by  the  regular  admission 
of  cold  water  through  the  feed-tap.  This  supply  is  so  ac^usted  that 
its  temperature  at  the  outflow  may  be  always  under  the  boiling-point, 
or  about  SO"*  C. ;  but  comparatively  little  water  is  required  after  the 
slag  has  come  down,  since  a  crust  of  the  latter  adheres  to  the  sides  and 
interposes  a  layer  of  non-conducting  material  between  the  iron  and  the 
fuel  in  the  furnace. 

The  fused  products  in  their  descent  collect  in  the  cavity,  D,  in  the 
bottom  of  the  furnace,  formed  of  brasque,  and  arrange  themselves  ac- 
cording to  their  specific  gravities.  Lead  being  the  heavier,  sinks  to  the 
bottom,  whilst  the  supernatant  slag  flows  out  through  the  opening  nutde 
with  a  bar  in  the  stopping  of  the  fore-breast,  and  thence  over  the  lip,  Z, 
into  the  cast-iron  waggon,  F.  These  waggons  are  made  to  run  either  on 
cast-iron  plates  or  on  a  railway  to  a  distance  from  the  furnace,  where,  on 
cooling,  the  slag  is  tipped  out  and  examined  for  lead  previous  to  being 
thrown  away. 

The  flow  of  slag  from  the  furnace  now  becomes  continuous,  or  nearly 
so,  being  only  checked  by  the  gradual  cooling  of  the  stream  as  it  runs 


622  ELEMENTS   OP   METALLURGY. 

over  the  lipi  The  solidified  slag  is,  however,  from  time  to  time  detached 
with  a  slice,  and  its  flow  maintained  unchecked  until  it  is  found,  by 
sounding,  that  the  lead  in  the  breast-pan  has  risen  nearly  to  the  level  of 
the  lip.  A  bar  is  then  forced  into  the  tap-hole  for  the  purpose  of  break- 
ing the  clay  stopping  and  drawing  off  the  lead  into  a  pot  sunk  in  the  floor. 
At  the  same  time  the  slag-opening  in  the  breast  is  temporarily  stopped 
with  ashes  or  clay  to  prevent  the  blast  from  escaping  on  the  lowering  of 
the  slag-level,  which  follows  the  tapping  of  the  lead. 

As  soon  as  slag  begins  to  make  its  appearance  the  tap-hole  is  im- 
mediately stopped,  either  by  an  iron  bar  or  by  a  plug  of  day  stuck  on 
the  end  of  a  pole  and  adroitly  wedged  into  the  aperture,  while  the  lead 
collected  in  the  pot,  after  having  been  cleaned  and  skimmed,  is  laded  into 
pig-moulds.  For  a  short  time  after  tapping,  the  wind  is  shut  off,  the  fore- 
breast  is  opened,  and  the  bottom  cleaned  from  any  lumps  of  slag,  which, 
if  allowed  to  remain,  would  interfere  with  the  working  of  the  furnace. 
This  cleaning-out  having  been  accomplished,  in  a  few  minutes  the  bieast 
is  again  closed  with  clay  and  cinders,  and  the  blast  is  turned  on  as  before. 
Shortly  af  terwards»  as  iJie  slag  rises  above  the  level  of  the  outflow,  a  hole 
for  its  escape  is  again  made  in  the  breast  by  an  iron  bar. 

It  is  observed  that  this  furnace  generaUy  works  faster  and  better  for 
some  time  after  the  withdrawal  of  the  unfused  matters  accumulated  on 
the  hearth  bottom ;  but  these  are  not  generally  cleaned  out  after  every 
tapping,  unless  the  furnace  is  driving  slowly ;  two  or  three  cleanings  per 
shift  are  usually  sufficient,  but  this  depends  on  the  working  of  the  furnace 
and  the  nature  of  the  material  smelted.  The  number  of  lead  tappings 
per  day  depends  on  the  size  of  the  breast-pan  and  on  the  richness  of  the 
matters  treated.  Ordinarily,  four  or  five  tappings,  each  of  16  to  20  pigs, 
are  made  per  shift  of  twelve  houra 

The  average  quantity  of  stuff  smelted  in  twenty-four  hours  is  horn  22 
to  25  tons,  which  can  be  increased  to  30  tons  with  free-running  slags.  A 
smelting  campaign  lasts  three  months  without  interruption,  and  would 
probably  last  six,  or  even  twelve  months,  were  the  supply  of  ore  un- 
limited. Attention  and  experience  on  the  part  of  the  smelter  are  re- 
quired to  avoid  mishaps,  and  to  prevent  a  premature  stoppage  of  the 
furnace.  In  any  case,  there  is  no  necessity  to  stop  for  ordinary  repairs, 
as  in  the  case  of  Castilian  furnaces  built  entirely  of  brick. 

The  consumption  of  gas-coke  of  inferior  qusdity  is  10  per  cent  of  the 
furnace  mixture.  Ko  iron  is  added,  and  no  matte  is  obtained.  A  little 
iron  is  reduced  in  the  furnace  from  the  iron  slags  employed  as  flux,  and 
perhaps  this  accounts  for  the  poorness  of  the  slags  produced,  which  very 
seldom  exceed  ^  per  cent,  for  lead.  The  slags  are  sometimes  so  highly 
basic  that  it  is  necessary  to  add  sand  to  the  mixture  in  order  to  render  it 
sufficiently  fusible,  and  to  prevent  the  furnace  from  gobbing.  The  most 
fusible  slags  contain  about  30  per  cent,  of  silica.  The  number  of  men 
employed  at  this  furnace  is  five,  and  the  loss  of  lead,  exclusive  of  fume 
collected  in  the  flues,  is  6  per  cent.    It  should  be  mentioned  that  the 
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furnace  is  connected  with  long  flues  and  oondenseis  for  the  condensation 
of  lead  fumes. 

Furnaces  of  this  class  are,  in  addition  to  the  ordinary  tap-hole,  now 
generally  provided  with  a  "syphon-tap,"  a  contrivance  hy  which  the 
molten  lead  rises  through  an  oblique  channel  to  the  bottom  of  a  reser* 
voir  in  which  it  rises  to  the  same  level  as  that  which  it  occupies  in 
the  furnace.  As  the  lead  accumulates  in  this  basin  it  is  laded  into 
moulds,  while  the  slags  flow  constantly  off  through  an  entirely  different 
orifice. 

Lead  -  Smelting  in  Colorado.^  Ores. — ^The  material  treated  at 
Leadville,  Colorado,  consists  of  argentiferous  lead  ores,  which  are  locally 
divided  into  two  general  classes,  namely,  tand  earhonatee  and  Itard 
carbonaies.  The  first  consists  of  loose  sandy  masses  of  lead  carbonate 
containing  chloride  of  silver,  while  the  second  are  a  porous  siliceous 
material  more  or  less  mixed  with  the  hydrated  oxides  of  iron  and  man- 
ganese, associated  with  lead  carbonate  and  silver  chloride;  sometimes 
containing  considerable  quantities  of  unaltered  argentiferous  galena. 
With  the  exception  of  mechanical  mixtures  of  clay,  limonite,  and  silica, 
they  contain  but  few  foreign  ingredients.  Pyromorphite  and  anglesite 
are  usually  present  in  small  quantities,  as  are  also  oxidized  compounds  of 
copper,  arsenic,  and  antimony.  Ores  rich  in  manganese  are  usually  poor 
in  silver. 

The  galena  is  frequently  covered  by  a  coating  of  lead  carbonate, 
indicating  the  conversion  of  the  sulphide,  first  into  sulphate,  and  subse- 
quently into  carbonate.  Bismuth  and  vanadium  occur  in  the  ores  from 
a  few  of  the  Leadville  mines.  In  addition  to  chloride  of  silver,  the 
oxidized  ores  contain  silver  in  combination  with  iodine  and  bromine. 
Large  masses  of  homsilver  are  occasionally  found,  and  on  various  occa- 
sions several  tons  of  ore  have  been  taken  from  the  B.  £.  Lee  Mine  assay- 
ing from  8,000  to  15,000  ounces  of  silver  per  ton,  and  almost  entirely 
free  from  lead.  The  Leadville  ores  usually  contain  so  small  a  proportion 
of  gold  that  its  presence  can  only  be  discovered  by  an  examination  of 
the  silver  obtained,  but  not  in  the  ore  itself.  In  1880  the  daily  output 
of  the  several  mines  was  between  700  and  800  tons  of  ore. 

Fuel  and  Fluxes, — The  fuel  employed  is  coke  and  pine  charcoal,  but 
before  the  opening  of  the  railway  coke  had  to  be  brought  over  distances 
varying  from  30  to  150  miles  by  ox  or  mule  teams,  and  charcoal  was 
consequently  more  generally  used  than  it  is  at  the  present  time.  The 
coke  employed  is  made  from  coal  of  Upper  Cretaceous  age,  containing 
from  9^  to  22  per  cent,  of  ash,  and  is  brought  from  South  Park  by  the 
Denver,  South  Park,  and  Pacific  Railroad,  or  from  £1  Moro  by  the 
Denver  and  Bio  Grande  Railroad.    Coke  from  Pennsylvania  is  also  used. 

1  For  more  detailed  information  on  this  subject  the  reader  should  consult  an  article 
on  'Lead-Smelting  at  Leadville/  by  S.  F.  Emmons,  in  'Precious  Metal  Deposits  of  the 
United  States/  Washhigton,  1885.  In  this  paper,  from  which  the  illustrations  and 
data  here  given  hnye  been  principally  derived,  the  author  acknowledges  great  obliga- 
tions to  an  unpublished  report  by  Mr.  A.  Guyard. 
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The  fluxes  used  are  limestone,  hsematite,  and  limonite.  The  lime- 
stone, which  is  of  Cretaceous  age,  is  brought  from  Canon  City,  a  distance 
of  117  miles  by  rail,  while  the  haematite  and  limonite  are  obtained  from 
local  mines,  and  contain  small  quantities  of  silver.  In  many  cases  the 
ores  themselves  are  so  ferruginous  as  to  require  a  very  small  addition 
only  of  iron  oxide.  According  to  Mr.  Guyard,  the  average  proportion  of 
Hux  employed  at  eight  principal  smelting-works  in  the  district  in  the 
year  1880  was  33-8  parts  to  100  parts  of  ore. 

Furnaces, — Blast-furnaces  are  exclusively  employed  at  Leadville,  and 
of  these  two  varieties  were  in  use  during  the  year  1880,  the  one  present- 
ing a  circular  horizontal  cross  section,  sometimes  called  the  Pilz  funiace, 
while  the  other  is  a  modification  of  the  Kachette  furnace,  and  is  rectan- 
gidai.  In  1882  the  rectangular  furnace  had  entirely  superseded  the 
former.  The  circular  section,  although  possessing  advantages  with  regard 
to  the  regularity  of  the  descent  of  the  charges,  is  more  expensive  in 
construction,  while  the  diameter  of  the  hearth  is  limited  by  the  strength 
of  the  blast  employed. 

With  ordinary  blowing-appliances,  a  circular  furnace  can  only  be 
successfully  worked  when  of  very  moderate  dimensiona  The  rectangular 
furnace,  on  the  contrary,  can  be  constructed  with  a  width  at  the  tuyers 
commensurate  with  the  strength  of  the  blast,  while  the  production  may 
be  increased  by  extending  the  length  of  the  cross  section.  In  lead- 
smelting,  it  is  undesirable  to  employ  the  high-pressure  blast  required  by 
a  circular  furnace  of  large  diameter,  since  the  resulting  high  temperature 
would  promote  the  production  of  metallic  fumes,  which  are  never  per- 
fectly recovered. 

The  rectangular  and  circular  furnaces  at  Leadville  are  both  con- 
structed on  the  same  general  plan  with  regard  to  height,  method  of 
support,  water-jacket^  &c.,  but  their  dimensions  differ  very  considerably, 
since  their  smelting  capacity  in  the  twenty-four  hours  varies  from  15  to 
40  tons.  Fig.  189  represents,  in  elevation,  the  rectangular  furnace 
employed  at  Leadville,  drawn  to  a  scale  of  9  feet  to  the  inch.  Fig.  191 
is  the  same  furnace  in  horizontal  section  at  the  level  of  the  tuyers; 
fig.  190  shows  a  vertical  section  on  its  larger  diameter ;  and  fig.  192  a 
horizontal  section  at  the  height  of  the  charging-door.  The  stack  of 
refractory  masonry,  a,  rests  upon  a  cast-iron  plate,  6,  supported  upon 
pillars,  c,  in  order  that  no  unnecessary  weight  may  rest  upon  the  bottom 
portions  of  the  structure.  The  sides  and  ends  of  the  hearth  for  some 
distance  above  and  below  the  tuyers  are  water-jackets,  d^  formed  in 
sections,  and  constructed  either  of  cast-iron,  wrought-iron,  or  steel  In 
the  furnace  of  which  an  illustration  is  given  the  water-jackets  are  twelve 
in  number,  firmly  bolted  together  and  provided  with  openings  for  the 
introduction  of  the  tuyers,  e.  A  cold-water  pipe  runs  around  the 
furnace  above  the  water-jackets,  and  water  is  admitted  into  each  by 
a  suitable  tap ;  outlets  for  the  heated  water,  and  gutters  for  its  removal 
are  also  provided     The  interval  between  the  water-jackets  and  the  cast- 
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iron  plate,  b,  which  supports  the  shaft  of  the  furnace,  is  filled  with  brick- 
work, which,  in  case  of  necessity,  can  be  easily  removed.     The  lower 


Pig.  189.— Elevation. 


Fig.  190.— Vertical  Section. 


Fig.  191.— Section  on  C,  D.  Fig.  192.— Section  on  E,  F. 

Beetongular  Furnace,  Leadvilla. 

ends  of  the  water-jackets  rest  upon  the  hearth,  /,  which  consists  of 
cast-iron  plates  bolted  together  and  lined  either  with  fire-bricks  or 
brasque,  which  is  locally  known  as   "steep."    The  usual  form  of  the 

2  R 
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bottom,  g^  is  shown  in  the  illustrations,  but  this  may  be  modified  accord- 
ing to  the  working  of  the  furnace  without  involving  any  change  in  the 
casing  of  iron  plates.  The  hearth-plates  enclose  the  lead-well,  A,  and  the 
channel,  i.  The  melted  lead,  rising  through  the  oblique  passage^  t,  fig. 
189,  to  the  same  level  which  it  occupies  in  the  furnace,  can  be  laded 
into  moulds  at  leisure  from  the  lead-well,  h  (fig.  191),  without  the  inter- 
ruption to  the  work  incident  to  the  old  method  of  tapping  at  intervals. 

At  the  end  of  the  furnace,  just  above  the  hearth,  an  opening  is  left  in 
the  water-jacket  for  tapping-off  the  slag.     This  is  stopped  with  clay, 
which  can  be  pierced  when  required,  allowing  the  slag  to  run  off  through 
the  gutter.  A:,  into  a  slag-bogie  placed  beneath  for  its  reception.     A  hood, 
Z,  is  generally  placed  over  the  tapping-hole  to  carry  off  any  metaUic 
fumes  which  may  be  given  off  during  the  operation.     The  number  of 
tuyers  varies  with  the  dimensions  of  the  furnace,  but  a  tuyer  is  always 
placed  at  the  extremity  of  the  hearth  opposite  the  slag-tap.     Sometimes 
a  tuyer  is  also  introduced  above  it,  but  this  is  somewhat  in  the  way, 
and  is  consequently  often  omitted.     A  slide,  m,  at  the  elbow  of  the 
nozzle,  admits  of  looking  into  the  interior  of  the  furnace,  and  the  intro- 
duction, when  necessary,  of  a  small  iron  bar.     The  tuyers  are  connected 
to  the  blast-pipes,  when  cold-blast  is  employed,  by  canvas  hose,  «,  the 
flexibility  of  which  admits  of  their  adjustment  or  removal  when  required. 
The  feed-openings,  o,  on  the  upper  floor,  are  closed  by  counterpoised 
doors,  p.     The  furnace  terminates  in  a  short  chimney,  ^,  and  may,  in 
case  of  need,  be  worked  without  the  dust-chambers,  with  which  it  com- 
municates by  the  flue,  r. 

As  an  example  of  furnaces  of  this  description  recently  erected  those 
of  Eddy,  James,  and  Grant,  built  at  Denver  in  1882,  may  be  cited.^ 
There  are  eight  of  these  furnaces  of  the  same  pattern  and  size,  of  which 
the  height  to  the  charging-floor  is  18  feet  Their  diameters  3  feet 
below  this  point  are  60  x  102  inches  \  at  the  top  of  the  jackets  48  x  92| 
inches,  and  at  the  tuyer  level  36  x  80^  inches.  The  smelting-capacity  of 
each  is  about  30  tons  per  twenty-four  hours.  Each  furnace  has  ten 
tuyers,  four  on  each  side,  and  one  at  each  end.  The  fumes  and  waste 
gases  are  drawn  from  them,  a  little  below  the  charging-floor,  into  laige 
dust-chambers  connected  with  a  high  stack.  The  blowing-apparatus 
employed  at  Leadville  is  usually  Baker's  rotary  blowing-engine,  although 
at  one  establishment  a  Hoots'  blower  is  used. 

Smelting, — The  furnace  is  first  dried  by  a  slow  fire  of  wood  or  char- 
coal, and,  when  dry,  the  fire  is  allowed  to  bum  out  and  the  brickwork 
left  to  cooL  The  hearth  is  then  lined  with  brasque  in  the  usual  way, 
the  dam  and  syphon-tap  being  frequently  lined  with  fire-clay  only.  The 
shaft  is  filled  to  the  height  of  the  feed-door  with  charcc»l,  the  tuyer- 
holes  and  tap-hole  being  left  open  to  create  a  draught,  and  the  whole 
gradually  becomes  incandescent  to  the  throat.    The  blast  is  then  gradually 

1  *  Engineering  and  Mining  Joornal,'  xxr.,  p.  163. 
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tumed  on;  the  tuyer-holes  in  the  water-jackets,  with  the  exception  of 
either  two  or  four,  are  stopped  with  clay,  and  the  canvas  hose  of  the 
corresponding  tuyers  tied  with  string.  Tayers  are  inserted  in  the  holes 
left  open,  the  tymp  is  set  in  its  place,  and  the  blast  tumed  on  at  full 
pressura  A  long  jet  of  flame  now  issues  from  the  syphon-tap,  and  the 
blast  is  steadily  kept  up  until  the  lead-well  has  become  thoroughly  red 
hot  The  remaining  tuyer-holes  are  afterwards  opened  and  the  blast 
admitted  at  the  normal  pressure ;  the  hearth  is  now  ready  for  filling. 

Pigs  of  argentiferous  lead,  kept  in  reserve  for  this  purpose,  varying  in 
amount  from  4  to  12  tons,  in  accordance  with  the  capacity  of  the  furnace, 
are  now  introduced,  together  with  additional  fuel,  the  proportion  being 
about  14  lbs.  of  charcoal  to  100  lbs.  of  lead.  From  100  to  160  bushels 
of  charcoal,  according  to  the  capacity  of  the  furnace,  are  consumed  during 
the  blowing-in ;  when  the  lead  makes  its  appearance  in  the  well  it  is 
covered  with  a  few  pieces  of  charcoal,  and  the  furnace  is  ready  for 
work. 

Old  slags  are  first  thrown  into  the  furnace,  which  is  not  in  a  condi- 
tion for  charging  until  these  have  become  perfectly  liquid.  The  tap-hole 
in  the  tymp  is  opened  from  time  to  time,  and  the  regular  charging  begins 
only  when  the  slags  are  found  to  flow  freely.  Iii  charging,  the  ores, 
slags,  and  fluxes  are  mixed  together,  and  are  deposited  next  the  walls, 
while  the  fuel  is  thrown  into  the  depression  left  in  the  centre.  The 
tapping  of  slags  begins  as  soon  as  the  furnace  gets  into  regular  operation, 
and  usually  takes  place  at  intervals  of  fifteen  or  twenty  minutes,  although 
in  a  few  works  the  system  of  a  continuous  flow  is  adopted.  From  time 
to  time  the  metal  is  dipped  from  the  lead-well  in  wrought-iron  ladles,  and 
is  poured  into  moulds.  The  pig  lead,  or  base  htdlion,  carries  from  100 
to  250  ounces  of  silver  per  ton  of  2,000  Iba,  and  from  0*25  to  4  ounces 
of  gold. 

The  length  of  a  run  is  seldom  less  than  three  weeks,  and  sometimes 
extends  over  as  long  as  thirteen  months.  According  to  Mr.  Guyard,  the 
average  consumption  of  fuel  is  32*83  per  cent,  of  the  ore  worked,  or  23  6 
per  cent  of  the  mixture  put  through  the  furnace.  Of  the  lead  present 
in  the  ores  88  per  cent  is  obtained  in  the  metallic  state,  the  remainder 
going  into  the  slags  or  escaping  into  the  stack.  Each  unit  of  lead  pro- 
duced necessitates  the  expenditure  of  1|  unit  of  fuel,  and  the  cost  of 
smelting  varies  from  $12  to  $18  per  ton  (2,000  lbs.)  of  ore  treated. 

The  "  base  bullion  "  produced  in  Colorado  is  forwarded  to  the  Eastern 
States,  where  it  is  treated  for  the  silver  and  gold  which  it  contains. 

HoBNO  DB  Gran  Tiro,  or  Pavo. — This  furnace,  which  is  used  in  some 
parts  of  Spain,  and  particularly  in  the  district  of  Cartagena,  for  smelting 
poor  carbonates  of  lead,  is  a  barrel-shaped  slag-hearth,  which,  instead 
of  being  supplied  with  blast  by  a  fan  or  blower,  is  worked  by  a  strong 
draught  obtained  by  the  aid  of  a  chimney  of  about  45  feet  in  height. 
This  is  connected  with  the  furnace  by  an  inclined  flue  at  the  top,  while 
the  air  enters  through  six  horizontal  tuyers,  of  refractory  clay,  arranged 
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radially  around  it  a  little  above  the  level  of  the  hearth,  which  is  formed 
of  brasque  in  the  usual  way.  Coke  is  the  fuel  employed,  and  the  ores 
treated  commonly  yield,  by  assay,  about  12  per  cent  of  lead ;  the  average 
production  of  metal  is  from  8  to  9  per  cent,  and  the  consumption  of  fuel 
from  30  to  32  cwts.  per  ton  of  lead  obtained. 

The  methods  of  treating  lead  ores  in  the  blast-furnace,  and  the  foirn 
and  dimensions  of  the  furnaces  employed,  vary  in  accordance  with  the 
nature  of  the  ores  and  the  description  of  the  fuel  available,  and  admit  of 
almost  endless  modification.  In  this  country,  where  the  ores  treated  are 
delivered  to  the  smelter  in  a  concentrated  state,  and  where  fuel  is  com- 
paratively cheap,  the  blast-furnace  has,  tmtil  lately,  been  seldom  employed, 
except  for  the  reduction  of  slags  and  other  furnace  products. 

Smelting  in  Shallow  Hearths. 

Backwoods  Hearth. — The  early  settlers  in  Missouri,  United  States 
of  America,  were  in  the  habit  of  extracting  lead  from  galena  by  means  of 
a  rude  hearth  constructed  of  earth  and  rough  stonework,  but  without  the 
aid  of  any  sort  of  blast  The  front  wall  of  this  hearth  was  about  8  feet 
in  length  and  6  feet  in  height ;  the  internal  cavity  was  8  feet  long  and  2 
feet  wide  at  bottom,  but  gradually  widened  towards  the  top.  This  sl(^ 
regularly  towards  the  front  wall,  in  which,  on  the  prolongation  of  the 
longer  axis,  was  an  arch  enclosing  an  aperture  through  which  the  molten 
metal  made  its  escape. 

In  the  bottom  of  the  cavity  thus  formed,  a  layer  of  heavy  logs  was 
laid,  longitudinally,  and  then  followed  a  stratum  of  split  billets;  upon 
these  the  galena  was  deposited,  and  the  whole  covered  by  a  layer  of  smaller 
branches  chopped  into  short  lengths.  The  fire  was  kindled  through  the 
front  arch,  which,  with  the  exception  of  a  hole  for  the  escape  of  metal, 
was  subsequently  closed,  and  the  reduced  lead,  flowing  continuously 
through  it,  was  collected  in  a  basin  in  front  The  time  occupied  by  this 
operation  was  twenty-four  hours,  and  nearly  pure  galenas  affor4ed  one- 
half  their  weight  of  metal ;  the  lead  and  slags  remaining  in  the  ashes 
were  subsequently  treated  in  a  rough  substitute  for  the  slag-hearth  called 
an  "  ash-furnace."  This  very  primitive  method  of  smelting,  although  of 
comparatively  recent  date,  is  now  obsolete,  but  is  probably  very  similar  to 
some  of  the  processes  employed  in  remote  antiquity  for  the  extraction  of 
lead  from  its  ores. 

Orb-Hearth,  or  Scotch  Furnack — In  the  North  of  England  the 
smelting  of  lead  ores  is  often  conducted  in  the  ore-hearth  or  Scotch  fur- 
nace. This  consists  of  a  rectangular  cavity  about  22  inches  square;  its 
depth  varies  from  22  to  26  inches,  the  whole  of  its  internal  surface  being 
lined  with  cast-iron.  The  bottom,  which  consists  of  but  one  casting,  is 
surrounded  by  a  ledge ;  excepting,  sometimes,  on  the  side  facing  the  work- 
stone,  a,  fig.  193,  which  may  be  2  feet  10  inches  in  breadth,  and  about  1 
foot  10  inches  in  the  other  direction. 


LEAD. 


629 


This  is  provided  with  a  shallow  ledge,  6,  on  each  side,  and  is  placed 
with  a  fall  of  a  few  inches  on  its  length.  Its  higher  side,  c,  rests  on  the 
health  bottom,  or  in  some  instances  is  united  to  it,  and  forms  only  one 
casting.  When  this  is  not  the  case,  the  joint  between  the  two  is  closed 
and  made  lead-tight  by  a  cement  of  moistened  bone-ash  well  kneaded 
together.  On  the  back  edge  of  the  bottom  is  placed  a  prism  of  cast-iron 
called  a  hach-stone,  about  6^x5  inches,  and  28  inches  in  length ;  on  this 
rests  the  nozzle  of  the  tujer,  over  which  is  again  placed  another  iron 
casting  called  the  pipe^stoncy  of  the  same  length  as  the  back-stone,  and  10 
inches  square.  This  has,  at  the  centre,  a  cavity  for  the  introduction  of 
the  tuyer.  On  it  is  again  placed  another  back-stone  of  nearly  the  same 
dimensions  as  the  first,  which  completes  this  side  of  the  hearth,  and 
usually  makes  its  total  height  from  the  bottom  about  25^  inches.     Along 


Fig.  198.— Ore-Hearth. 

the  lateral  edges  of  the  bottom  are  placed  two  prismatic  castings  called 
bearers ;  these  are  each  26  inches  in  length  and  7  inches  square,  which 
project  slightly  over  the  upper  edge  of  the  work-stone.  Above  these 
bea^rs,  and  at  a  distance  of  13  inches  from  the  back  of  the  hearth,  ia 
supported  another  bar  of  cast-iron  called  the  fore-stone^  which  has  the 
same  form  and  dimensions  as  that  on  which  rests  the  tuyer  of  the  blow- 
ing apparatus.  The  space  at  each  end  of  the  fore-stone  is  now  closed  by 
two  lumps  of  cast-iron  measuring  10  inches  of  a  side,  called  keystones. 

Before  the  work-stone,  a,  and  set  in  masonry  enclosed  in  a  circular 
cast-iron  casing,  G,  is  the  lead-pot,  E,  into  which  the  melted  metal,  as  it 
issues  from  the  hearth,  is  conducted  by  the  oblique  channel,  /,  sunk 
beneath  the  surface  of  the  iron  plate.  In  the  woodcut  this  pot  is  not 
shown  sufficiently  near  the  furnace.     To  prevent  the  escape  of  fumes 
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into  the  smelting-liouse,  which  might  injure  the  health  of  the  persons 
employed,  the  entire  hearth  is  often  enclosed  in  a  hood  of  arched 
masonry,  H,  communicating  with  the  chimney,  and  in  which  is  left  a 
small  door,  I.  In  the  majority  of  ore  hearths  the  hood  is  carried  much 
higher  than  that  shown  in  the  woodcuts  The  sheet-iron  door,  h^  admits 
of  being  raised  or  depressed  at  pleasure,  according  to  the  degree  of 
draught  required ;  and  the  blast  communicating  with  the  tuyer  is  regu- 
lated by  a  valve  placed  in  a  pipe  approached  by  the  arched  opening,  L^ 
left  for  that  purposa  The  brickwork  is  consolidated  and  bound  together 
by  the  iron  straps,  I,  kept  in  their  places  by  bolts  passing  beneath  the 
foundations  of  the  hearth. 

Roasting. — ^Formerly  the  ores  smelted  in  the  Scotch  furnace  were 
subjected  to  no  other  preparation  than  careful  dressing  previous  to 
their  metallurgical  treatment.  It  is,  however,  sometimes  found  advan- 
tageous to  roast  them,  so  as  to  effect  their  partial  desulphurization  and 
oxidation,  before  treating  them  for  the  metal  they  contain.  The  furnace 
employed  for  this  purpose  varies  considerably  in  its  dimensions  in  order 
to  suit  local  circumstances,  but  always  consists  of  a  flat  hearth,  covered 
by  a  low  arch,  and  is  heated  by  a  fire-place  situated  at  one  end ;  tbeie 
are  also  doors  on  either  side,  for  the  withdrawal  and  working  of  the  ore. 
From  10  to  14  cwts.  of  galena  constitute  the  charge  of  a  furnace  of  this 
description,  and  require  from  two  and  a  half  to  three  hours  to  become 
sufficiently  roasted.  The  mineral,  after  being  introduced  into  the  hn- 
nace,  is  first  spread  evenly  over  the  bottom,  and  the  fire  so  arranged  as 
to  keep  it  constantly  at  a  temperature  below  the  melting-point  of  galena 
Copious  sulphurous  fumes  escape  from  its  surface,  and  if  any  portion 
should,  from  approaching  too  nearly  the  point  of  fusion,  become  softened, 
fresh  surfaces  are  presented  to  the  air.  In  this  way  a  portion  of  the 
sulphur  is  driven  o%  and  slimes  and  other  friable  substances  are  so 
agglutinated  as  to  resist  the  blast  without  being  carried  off  as  dust  into 
the  flues. 

Smelting. — ^At  the  termination  of  each  shift  the  hearth  is  supposed 
to  be  in  working  order  and  the  bottom  to  be  nearly  full  of  leadj  a 
quantity  of  ore  remains  on  the  hearth  in  a  semi-reduced  state,  called 
browse  or  brouse^  and  is  more  or  less  mixed  with  fragments  of  slag  and 
clinker,  from  which  it  is  roughly  separated. 

To  commence  a  new  shift,  the  cavity  of  the  furnace  is  filled  with 
peat  cut  into  the  usual  rectangular  blocks.  Those  at  the  back  part  of 
the  hearth  are  heaped  up  without  any  kind  of  order,  but  those  placed 
towards  the  front  are  arranged  in  the  shape  of  a  regular  walL  The 
bellows  or  fan  is  now  set  in  action,  and  an  ignited  peat  is  thrown  before 
the  nozzle,  which  quickly  communicates  the  fire  to  the  whole  mass.  On 
the  top  of  this  a  few  shovelsf ul  of  coal  are  afterwards  sprinkled,  for  the 
purpose  of  binding  and  consolidating  the  mass,  as  well  as  to  increase 
the  temperature.  The  browse  resulting  from  the  preceding  operation 
is  then  thrown  on  the  surface  of  the  ignited  mass;  and  shortly  after- 


LEAD.  .  631 

wards  the  material  contained  in  the  hearth  is  stirred  with  a  poker, 
and  a  portion  of  it  drawn  ont  on  the  work-stone.  The  slag  is  now 
removed  with  a  shovel^  and  thrown  aside  for  subsequent  treatment 
The  browse,  cleaned  from  slag,  is  again  thrown  back  into  the  hearth, 
with  the  addition,  if  it  be  required,  of  a  little  coal.  If,  as  sometimes 
happens,  the  browse  has  not  been  properly  freed  from  slag,  but  be- 
comes pasty  and  evinces  a  tendency  to  fuse,  it  must  be  hardened  by 
the  addition  of  lime,  which  dries  the  mixture  and  facilitates  the  subse- 
quent extraction  of  lead.  When,  on  the  contrary,  the  ore  is  found  too 
refractory,  a  small  addition  of  lime  is  also  made ;  but  in  this  case  a  less 
quantity  is  employed,  as  it  is  only  intended  as  a  flux  for  the  refractory 
matters  present^  and  not^  as  in  the  other  instance,  to  act  as  a  dryer  of 
the  too  fusible  scori®  obtained.  The  lumps  of  slag  thus  formed  contain 
a  considerable  portion  of  the  lead  present  in  the  ores,  and  are  therefore 
collected  for  the  purpose  of  being  treated  in  the  slag-hearth. 

When  the  whole  of  the  browse  has  been  thrown  back  into  the  hearth, 
a  few  shovelsf ul  of  ore  are  thrown  on  the  top  of  it ;  before  doing  this, 
however,  it  is  necessary  to  place  a  lump  of  peat  before  the  tuyer,  which 
not  only  prevents  any  of  the  mineral  from  entering  the  nozzle,  but 
likewise  serves  to  spread  the  blast  equally  through  the  mass.  After  an 
interval  of  about  twenty  minutes,  the  contents  of  the  furnace  are  again 
partially  drawn  out  on  the  work-stone,  and  another  portion  of  metallic 
lead  is  carried  by  the  channel,  /,  into  the  pot,  K  The  grey  slag  is 
removed,  and  another  lump  of  peat  is  placed  before  the  tuyer.  The 
browse,  together  with  a  proper  quantity  of  coal  and  lime,  is  again 
thrown  on  the  hearth  fire,  and  on  the  top  of  the  whole  a  fresh  supply  of 
raw  or  roasted  ore.  Two  men  are  employed  on  each  shift,  the  operations 
being  continued  during  from  twelve  to  fourteen  hours ;  at  the  expiration 
of  that  time,  a  production,  varying  with  the  nature  of  the  ore,  of  from 
22  to  30  cwts.  of  metallic  lead  is  obtained. 

Towards  the  end  of  the  shift  no  addition  of  ore  is  made,  and,  after 
4stopping  the  blast,  the  browse  is  taken  out,  and  roughly  separated  from 
filag.  The  bottom  of  the  hearth  is  now  filled  up  with  lead  from  the 
receiving-pot  ready  for  the  next  shift,  and  in  this  way  the  charge  is 
constantly  kept  floating  on  a  bath  of  metallic  lead.  At  the  end  of  a  shift 
of  from  twelve  to  fifteen  hours,  the  hearth,  in  spite  of  every  precaution, 
is  liable  to  become  too  hot,  and  smelting  is  usually  suspended  five  hours 
after  each  shift 

The  lead  prepared  by  this  process  is  said  to  be  purer  than  that  pro- 
duced in  the  ordinary  smelting-fumace.  This  may  arise  from  the  circum- 
stance that,  being  exposed  to  a  less  elevated  temperature,  the  more  fusible 
constituents  of  the  ore  are  alone  obtained,  while  in  the  smelting-fumace 
the  heat  employed  is  so  great  as  to  effect  the  reduction  of  some  of  the 
foreign  metals  contained  in  it,  which,  by  entering  into  combination  with 
the  lead,  tend  to  impair  its  quality.  When  orea^  assaying  from  75  to  80 
per  cent,  are  operated  on,  from  1^  to  2  cwts.  of  coal  and  about  four  small 
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cartloads  of  peat  are  required  to  produce  a  fodder  (21  cwts.)  of  lead. 
The  cost  of  lead-smelting  in  the  ore-hearth  is  generally  in  excess  of  that 
bj  the  reverberator/  furnace,  but  with  rich  ores  the  loss  of  lead  is  less 
considerable.  The  ore-hearth  is  now  generally  worked  with  coal  as  the 
only  fuely.the  use  of  peat  being  abandoned. 

The  American  Hbabth. — This  hearth,  first  introduced  at  Bossie^ 
New  York,  and  subsequently  used  in  Missouri,  has  a  cast-iron  bottom, 
24  inches  square,  12  inches  deep,  and  2  inches  in  thickness.     The 
work-stone,  which  is  32  inches  wide  and  22  inches  from  front  to  back» 
is  provided  with  raised  sides,  and  has  the  usual  diagonal  groove  for 
directing  the  reduced  metal  into  the  receiving-pot     An  air-chesty  14 
inches  in  height,  of  cast-iron,  forms  a  wall  on  the  sides  and  back  of  this 
hearth ;  its  outside  width  is  6  inches,  and,  as  the  thickness  of  the  metal 
is  I  of  an  inch,  a  vacant  space  is  left  within,  a  little  more  than  12  inches 
in  height  and  4|  inches  in  width.     The  blast  passes  into  this  box  on  one 
side,  and  escapes  at  the  other  through  a  curved  pipe  which  conducts  it 
to  a  tuyer  occupying  the  usual  position  at  the  back  of  the  f umaca     In 
this  way  the  sides  and  back  are  kept  cool,  while  the  blast  is  heated  befors 
entering  the  fire.     The  bottom  is,  like  that  of  the  ordinary  ore-hearth, 
kept  full  of  molten  lead,  on  which  the  charge  floats  during  the  operations 
of  smelting.    The  fuel  employed  is  wood  or  pine  charcoal,  and  the  galena 
treated  must  be  broken  into  pieces,  which  should  not  be  larger  than  J  of 
a  cubic  inch*     This  hearth  remains  continuously  in  blast  during  six  days 
of  the  week,  and  is  worked  by  four  men,  two  on  each  shift     About  a 
quarter  of  a  cord  of  wood  is  consumed  per  ton  of  lead  obtained,  or  the 
wood  burnt  reduces  a  little  more  than  2|  times  its  weight  of  metal    The 
daily  consumption  of  wood  in  a  hearth  of  this  description  is  threeK^uaiten 
of  a  cord,  and  the  yield  of  lead  is  about  7,500  Iba 

An  experimental  ore-hearth  on  this  principle  was  in  operation  at 
Bleiberg,  in  Carinthia,  during  the  years  1849,  1850,  and  1851,  and 
it  was  also  tried  at  Przibram  in  1856;  but  has  not  been  permanently 
adopted  at  either  place. 

Softening  and  Desilverizing  Processes. 

The  work-lead  obtained  from  the  smelting-fumace  in  addition  to 
silver,  usually  contains  antimony,  copper,  and  other  oxidizable  impurities, 
and  these  are  sometimes  present  in  sufficient  quantity  to  materially  inter- 
fere with  the  desilverizing  processes  proper ;  they  are,  therefore,  when 
necessary,  previously  removed  by  a  process  known  as  improving  or 
BoftmiTig, 

Improving  or  Softening. — This  operation  consists  of  fusing  the  lead 
in  a  reverberatory  furnace  of  peculiar  construction,  and  allowing  it  to 
remain,  when  in  a  melted  state,  exposed  for  a  more  or  less  considerable 
period  to  the  oxidizing  influences  of  the  air.  By  this  treatment  the 
antimony  and  other  metals,  together  with  a  portion  of  the  lead,  become 
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oxidized,  and  are  removed  from  the  surface  of  the  bath  by  an  iron 
rake;  thus  constantly  exposing  a  fresh  surface  to  the  action  of  the 
heated  gases,  until  the  greater  portion  of  the  impurity  is  removed,  and 
a  nearly  pure  alloy  of  lead  and  silver  is  obtained. 

The  hearth  of  the  furnace  in  which  this  operation  is  conducted  often 
consists  of  a  laige  cast-iron  pan  about  2  inches  in  thickness,  which  may 
be  10  feet  in  length,  5  feet  6  inches  in  width,  and  10  inches  in  deptL 
Wrought-iron  pans  are  also  used  The  fire-place,  which  is  about  20 
inches  in  width,  has  a  length  equal  to  the  width  of  the  pan,  from  which 
it  is  separated  by  a  low  bridge  2  feet  in  width.  The  arch  at  the  bridge 
end  is  16  inches  above  the  edge  of  the  pan,  while  at  the  other  extremity 
its  height  from  the  same  point  is  8  inches  only.  All  the  angles  of  the 
casting  are  carefully  rounded  in  order  to  prevent  breakage  from  expansion 
or  contraction,  and  the  softened  lead  is,  when  required,  drawn  off  into  a 
cast-iron  pot  by  a  hole  bored  in  the  bottom  near  its  outer  edge.  This, 
when  necessary,  is  stopped  by  a  well-fitting  iron  plug  kept  in  its  place 
by  a  weighted  lever. 

The  charge,  which  is  about  11  tons,  is  first  fused  in  an  iron  pot  set 
in  brickwork  at  the  side  of  the  furnace,  and  is  subsequently  laded  into 
the  pan  through  a  sheet-iron  gutter  prepared  for  the  purpose.  When 
the  metal  is  in  a  fit  state  for  tapping,  a  small  portion  taken  out  in  a  ladle, 
and  poured  into  an  iron  mould,  will  be  observed  on  cooling  to  present  on 
the  surface  a  peculiar  flaky  subcxystalline  appearance,  which,  when  once 
seen,  is  again  easily  recognised.  As  soon  as  this  appearance  presents 
itself  the  fire  is  lowered,  the,  plug  loosened,  and  the  contents  of  the 
pan  are  drawn  off  into  a  pot^  from  which  they  are  afterwards  laded  into 
moulds. 

In  some  cases,  as  at  Pontgibaud,  much  larger  furnaces  than  that  above 
described  are  employed  for  the  operation  of  softening.  At  that  establish- 
ment the  improving  pans  are  each  13  feet  in  length  by  6  feet  6  inches 
in  width,  and  are  capable  of  working  charges  of  20  tons. 

The  time  necessary  for  softening  hard  lead  necessarily  depends  on 
the  proportion  of  impurity  it  contains.  Consequently  some  varieties  will 
be  sufficiently  purified  after  the  expiration  of  twelve  hours,  while  in  other 
cases  it  becomes  necessary  to  continue  the  operation  during  several  days. 
Ordinary  hard  lead  from  the  Cornish  flowing  furnace,  or  from  the  Cas- 
tilian  blast-furnace,  is  usually  softened  in  about  thirty-six  hours,  with  a 
consumption  of  about  2  cwts.  of  coal  per  ton.  In  some  smelting  estab- 
lishments the  hard  lead  is  softened  in  an  ordinary  reverberatory  furnace, 
provided  with  a  slag  bottom.  When  a  furnace  of  this  description  is 
employed,  calcination  takes  place  at  a  higher  temperature,  and  the 
operation  is  conducted  more  rapidly  than  in  iron  pans.  The  consump- 
tion of  fuel  is  about  the  same,  but  the  loss  of  lead  by  volatilization  is 
somewhat  greater.  In  Germany  a  marl  (clay  and  lime)  bottom  like  that 
of  the  refinery  furnace  is  preferred. 

The  calcined  dross,  removed  from  the  surface  of  the  pan,  is  treated 
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in  the  reducing  furnace,  and  the  resulting  cinder  in  the  slag-hearth,  or  in 
some  other  fonn  of  blast-furnace.  The  very  hard  lead  thus  obtained 
is  again  subjected  to  a  process  of  softening  in  the  improving  furnace,  and 
a  calcined  dross  is  ultimately  obtained  affording  a  brittle  ^oy,  which  is 
usually  sold  to  type-founders.  The  quantity  of  this  very  hard  lead 
annually  produced,  even  in  large  establishments,  amounts  to  only  a 
few  tons.  At  Freiberg  270  tons  of  hard  lead  of  all  kinds  are  made  from 
10,000  tons  of  furnace-lead  treated  annually. 

Liquation. — At  Freiberg  and  Przibram,  coppery  lead  is  subjected  to 
liquation  before  softening.  A  reverberatory  furnace  is  used,  having  a 
marl  bottom,  which  slopes  steeply  from  the  fire-bridge  and  terminates  in 
a  sump  or  lead-pot  at  the  flue  end.  The  pigs  of  furnace-lead  are  piled 
at  the  upper  end  of  the  bed  and  subjected  to  a  very  low  heat,  when  lead 
separates  and  flows  down  into  the  sump,  whence  it  is  laded  into  moulds, 
after  skimming,  leaving  about  6  per  cent,  of  refractory  dross  {Scdger 
domer)  behind,  which  contains  nearly  the  whole  of  the  sulphur,  copper, 
and  nickel,  as  well  its  about  one-fourth  of  the  arsenic  present  in  the 
furnace-lead.  About  13  tons  of  lead  are  passed  through  the  liquation- 
furnace  in  twenty-four  hours. 

Separation  of  Silver  from  Lead. 

Before  the  discovery,  by  Hugh  Lee  Pattinson,  of  the  process  by  which 
the  silver  in  argentiferous  lead  may  be  concentrated  in  a  comparatively 
small  amount  of  that  metal,  the  whole  of  the  lead  obtained  by  smelting 
was,  when  sufficiently  rich,  subjected  to  cupellation.  When,  however,  it 
contained  less  than  about  8  ounces  of  silver  per  ton  it  was  not  considered 
to  pay  the  expenses  of  the  operation ;  whereas,  by  the  method  of  crystal- 
lization, lead  containing  only  2  ounces  of  silver  per  ton  may  sometimes 
be  desilverized  at  a  profit.  A  considerable  proportion  of  the  lead  pro- 
duced, both  in  this  country  and  in  others,  contains  a  less  amount  of  silver 
than  is  necessary  to  pay  the  cost  of  its  extraction  by  direct  cupellation, 
and  consequently,  until  the  discovery  of  the  Pattinson  process,  the  whole 
of  this  silver  was  lost  to  commerce. 

This  process  is  founded  on  the  circumstance,  first  noticed  by  Mr. 
Pattinson  in  the  year  1829,  that  when  lead  containing  silver  is  melted  in 
a  suitable  vessel,  and  afterwards  suffered  to  cool  slowly,  with  constant 
stirring,  at  a  temperature  near  the  melting-point  of  lead,  small  crystals 
begin  to  form  within  the  liquid  alloy,  which,  as  rapidly  as  they  are 
produced,  sink  to  the  bottom,  and  on  being  removed  are  found  to 
contain  less  silver  than  the  lead  originally  operated  on.  The  fluid  alloy 
from  which  the  crystals  have  been  separated  is  at  the  same  time  rendered 
proportionately  richer  in  silver. 

The  Pattinson  Process. — ^This  operation  is  conducted  in  a  series 
of  from  nine  to  twelve  cast-iron  or  steel  pots,  which,  if  worked  by  hand, 
may  each  contain  6  tons  of  metal,  but  when  cranes  are  employed  lO-ton 
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pots  are  more  generally  used ;  these  are  ordinarily  6  feet  4  inches  in 
diameter  and  2  feet  6  inches  in  depth.  A  pot  at  one  end  of  the  series 
has  generally  a  capacity  equal  to  two-thirds  only  of  that  of  each  of  the 
others,  and  is  known  as  the  market-pot 

Each  pot  is  provided  with  a  separate  fire-place,  and  is  heated  by  a 
circular  flue  passing  round  it,  which  can  be  closed  when  required  by 
a  damper.  The  products  of  combustion  finaUy  escape  into  a  flue  below 
the  level  of  the  floor,  running  parallel  with  the  line  of  pota  In  order 
the  more  easily  to  follow  the  process,  we  will  suppose  the  lead  operated 
on,  which,  according  to  its  quality,  may  or  may  not  have  previously  under- 
gone the  process  of  improving,  to  contain  about  21  ounces  of  silver  per  ton. 
If  the  market-pot  be  called  No.  1,  this  lead  will  be  introduced  into  No.  6, 
fig.  194.^  When  fused  it  is  carefully  skimmed  with  a  perforated  ladle, 
in  order  to  remove  the  covering  of  oxide  or  potdross,  and  the  fire  is  at 
once  withdrawn.  The  cooling  of  the  lead  is  now  promoted  by  sprinkling 
water  on  its  surface,  and  while  its  temperature  is  being  thus  lowered  it  is 
kept  constantly  stirred  with  a  chisel-pointed  iron  bar  called  a  slice.  All 
those  portions  which  become  solidified  and  adhere  to  the  sides  of  the 
pot  are  removed,  and  forced  under  the  surface  of  the  liquid  metal, 
where  they  again  become  melted.  By  this  treatment  crystals  soon  begin 
to  make  their  appearance ;  and  in  proportion  as  these  form  and  accumulate 
at  the  bottom  they  are  removed  by  a  large  perforated  iron  ladle,  in 
which,  after  having  been  well  shaken,  they  are  first  allowed  to  drain 
into  the  pot  whence  they  have  been  removed,  and  are  afterwards  carried 
over  and  deposited  in  the  next  pot  (No.  5),  in  the  direction  of  the 
market-pot  This  is  continued  until  two-thirds  of  the  lead  in  pot 
Na  6  has  been  transferred  in  the  form  of  crystals  to  pot  Na  5 ;  when 
the  lead  remaining  in  No.  6  will  contain  about  40  ounces  of  silver 
per  ton,  while  that  transferred  to  Na  5  yields  only  about  11  ounces 
per  ton. 

The  enriched  lead  in  the  bottom  of  No.  6  is  now  laded  into  No.  7, 
next  on  the  left,  which  eventually  becomes  filled  with  lead  containing 
40  ounces  of  silver  per  ton.  A  fresh  supply  of  lead  of  the  same  tenure 
in  silver  is  now  introduced  into  pot  No.  6,  and  the  resulting  crystals 
passed  in  the  direction  of  the  market-pot,  while  the  enriched  lead,  re- 
maining in  the  bottom,  is  laded  into  the  pot  next  to  it  on  the  other  side. 
Each  pot  in  succession,  as  it  becomes  filled  by  crystals  from  the  one 
side,  or  by  bottoms  from  the  other,  is  in  its  turn  crystallized. 

In  this  way  the  crystals  obtained  from  the  pots  as  they  go  "  down 
the  house "  towards  the  market-pot  become  gradually  poorer,  while  the 
pot-bottoms  passing  "  up  the  house  "  in  a  contrary  direction  are  progres- 
sively increasing  in  richness.     The  final  result^  consequently,  will  be  t)iat 

1  The  lyBtein  adopted  in  numbering  the  pots  in  different  establlBhmenti  ii  not  olwayi 
the  same.  In  manjr  cases  the  numbers  are  made  to  commence  with  the  pot  next  the 
market-pot,  which  i»  called  No.  1 ;  for  the  purjMse  of  describing  the  process  it  has, 
however,  been  considered  more  simple  to  begin  with  the  market-pot,  which  thus  itself 
becomes  No.  1. 
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at  one  end  of  the  line  of  pots  the  lead  will  contain  bat  little  silver^ 
while  at  the  other  it  will  have  become  much  enriched. 

Any  lead  that  may  be  on  hand  assaying  about  40  ounces  of  silver 
will  be  introduced  into  pot  No.  7,  while  lead  containing  11  ounces  will 
be  melted  in  No.  5.  The  other  pots  in  the  series  may,  in  the  same  way, 
from  time  to  time  receive  lead  yielding  the  same,  or  a  nearly  similar 
amount,  of  silver  per  ton  as  the  metal  they  severally  contain.  When 
this  system,  which  is  known  as  the  method  of  thirds^  is  strictly  adhered 
to,  the  lead  in  each  pot  will  be,  approximately,  twice  as  rich  in  silver  as 
that  which  is  next  to  it  in  the  direction  of  the  market-pot  If,  how- 
ever, a  different  lead  has  been  introduced  into  any  of  the  pots,  the  ratio 
of  this  progressive  increase  in  silver  may  be  more  or  less  interfered  with. 
In  the  richer  pots  the  separation  of  silver  is  less  complete  than  in  the 
poorer  ones,  and  consequently  the  progressive  enrichment  will  not  be  so 
rapid.  When  the  lead  contains  about  2}  per  cent,  of  silver,  or  700 
ounces  per  ton,  no  further  concentration  is  possible,  as  both  the  crystals 
and  liquid  lead  are  then  of  the  same  composition.  In  working  the  last 
pot  the  whole  of  the  bottom  is  not  always  laded  out,  as  it  is  sometimes 
found  advantageous  to  subject  it  to  a  treatment  by  which  the  richness 
of  the  alloy  is  still  further  increased.  When  the  ordinary  quantity  of 
two-thirds  of  the  lead  has  been  transferred  in  the  form  of  crystals  to 
the  pot  next  to  it  down  the  house,  the  remaining  one-third  will  consist 
of  a  mixture  of  crystallized  and  uncrystallized  alloy.  The  latter  being 
much  richer  than  the  former,  is  separated  as  completely  as  possible,  and 
this  portion,  only  amounting  to  a  little  more  than  on^half  the  bottom, 
is  sent  to  the  refining-fumace.  This  separation  is  effected  by  pressing 
the  mixture  with  the  curved  side  of  one  of  the  lai^ge  perforated  ladles, 
when  the  still  liquid  alloy  enters  the  bowl  and  is  removed  by  a  small 
unperforated  dipper.  The  lead  thus  obtained  will  evidently  be  richer  in 
silver  than  the  portion  remaining  in  the  pot  in  the  form  of  crystals. 

The  desilverized  metal,  or  market-lead,  should  not  contain  above 
10  dwts.  of  silver  per  ton,  while  the  rich  lead  is  usually  concentrated 
so  as  to  contain  from  400  to  600  ounces  per  ton.  During  the  whole  of 
these  operations  oxidation  of  lead  is  continuously  going  on,  and  it  may 
be  estimated  that  lead  assaying  20  ounces  of  silver  per  ton  will  produce 
25  per  cent  of  its  weight  of  dross.  At  Pontgibaud,  where  the  lead 
operated  on  often  contained  nearly  100  ounces  of  silver  per  ton,  about 
one-third  of  the  weight  of  the  market-lead  produced  was  skimmed  off 
the  various  pots  and  passed  to  the  reducing  furnace.^ 

In  this  establishment,  where  a  series  of  twelve  pots  was  employed, 
the  assays  of  the  successive  numbers,  in  1867,  averaged  as  follows : — 


^  Before  gkimming  a  pot  a  little  sawdust  or  spent  tan  is  scattered  over  the  nirfaee  of 
the  metal,  and  well  incorporated  with  the  scam  floating  on  the  top.  This  facilitates  the 
separation  of  metallic  lead,  when  the  dross  is  removed  in  a  small  perforated  ladle,  and 
also,  to  some  extent,  acts  as  a  reducing  agent  daring  the  subsequent  treatment  of  the 
oxides  in  the  reverberatory  furnace. 


LEAD. 


637 


SiWa-per 

Ton, 

Oz.  dwL 

«r. 

^0.  1,  market-pot 

0 

9 

15 

Market-lead. 

,.    2       .        . 

0 

19 

7 

„    3       .        . 

1 

18 

14 

»    4       .        . 

8 

17 

4 

„    5       .        .        , 

7 

7 

21 

„    6       .        . 

.      12 

17 

5 

„    7       .        . 

.      22 

10 

8 

„    8       .        . 

86 

19 

12 

..    9       .        . 

.      59 

9 

16 

„  10,  charging'pot . 

96 

9 

4 

.,11        .        . 

.    167 

8 

2 

Bottom  of  Na  12  gave 

,.12       .        . 

278 

6 

'i 

514  ounces  9  dwts. 
18  grs.  per  ton. 

The  ladle  employed,  when  manual  labour  is  made  use  of,  is  16  inches 
in  diameter,  5  inches  in  depth,  pierced  with  ^-inch  holes.  When  cranes 
are  used,  the  ladles  are  20  inches  in  diameter,  6^  inches  in  depth,  and 
are  pierced  with  J-inch  holes;  thickness  of  iron,  J-inch;  length  of 
handle,  9  feet  6  inches.  The  large  baling-ladles  used  for  turning  back 
the  bottoms  are  14  inches  in  diameter  and  8  inches  deep,  having  a  handle 
7  feet  long. 

When,  during  the  operation  of  fishing  out  the  crystals,  the  ladle 
becomes  chilled  and  the  holes  partially  closed,  it  is  heated  to  the  proper 


Fig.  194.— PfttUnson's  Pots ;  plan. 

temperature  by  being  placed  for  a  few  seconds  in  the  pot  of  hot  lead,  into 
which  they  are  turned  over.  It  was  formerly  usual  to  provide  small  pots 
for  this  purpose  filled  with  lead,  called  heaters,  in  front  of  the  larger  pots, 
but  these  are  now  always  dispensed  with.  Two  crystallizers  are  em- 
ployed in  working  each  pot,  and  one  fireman  is  required  for  each  set ; 
the  working  of  each  pot  occupies  about  two  hours,  and  by  the  use  of 
cranes  10-ton  pots  can  be  worked  as  expeditiously  as  6-ton  pots  by 
hand* 

When  the  lead  operated  on  contains  about  24  ounces  of  silver  per  ton, 
the  average  expenditure  of  coal  per  ton  of  lead  treated  is  7*14  cwts.  At 
Pontgibaud  the  desilverization  of  the  rich  work-lead  produced  was  attended 
with  a  consumption  of  about  9  cwts.  of  coal  per  ton. 

Figs.  194  and  195  represent  a  plan  and  elevation  of  a  set  of  Pattin- 
son's  pots  arranged  for  working  with  cranes.     No.  1  is  the  market-pot, 
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having  two-thirds  the  capacity  of  the  others,  which  are  working-pots.  A 
long  ash-pity  A,  extends  the  whole  length  of  the  set,  and  is  partially 
covered  by  the  iron  platform,  B,  supported  on  pillars ;  each  of  the  fiio* 
places,  a,  is  provided  with  an  iron  door. 

In  order  to  desilverize  by  this  arrangement^  the  potman  sinks  the 
ladle  sideways  to  the  bottom  of  the  pot,  and  having  turned  it  over  so 
as  to  become  full  of  crystals,  he  attaches  a  hook  to  the  cross-handle,  a\ 
of  the  ladle,  fig.  194,  which  is  then  withdrawn  by  the  other  workman, 
who  turns  the  winch.  In  doing  this  the  iron  shank  slides  over  a  roller 
on  the  front  of  the  crane,  d^  and  as  soon  as  it  is  withdrawn  from  the 
metal,  the  first  workman,  who  guides  the  handle,  slips  it  into  one  of  the 
cheeks,  c,  at  the  back,  where  it  becomes  securely  fixed.  The  ladle,  filled 
with  crystals,  is  thus  suspended  over  the  pot  whence  it  was  withdrawn, 
and  after  being  allowed  to  drain  for  a  short  time  it  receives  a  few  shakes 
by  smartly  jerking  the  handle,  which  for  this  purpose  is  released  from  tho 
cheek  at  the  back  of  the  crane.  This  is  now  swung  round,  the  shank  of 
the  ladle  slipped  from  under  the  catch,  and  the  crystals  deposited  in  the 


Fig.  195.— Fattinson's  Pots ;  eleTatton. 

pot  next  on  the  right.  This  is  continued  until  the  necessary  amount  of 
crystals  has  been  withdrawn,  when  the  enriched  lead,  remaining  in  the 
bottom,  is  taken  out  by  a  ladle  without  perforations,  and  is  turned  over 
in  the  next  pot  on  the  left. 

Although  the  method  by  thirds  is  that  usually  adopted  for  the  desilver- 
ization  of  lead  moderately  rich  in  silver,  no  general  rule  can  be  laid  down 
with  regard  to  the  system  of  working  to  be  employed,  as  this  may  be  more 
or  less  varied  in  accordance  with  the  particular  requirements  of  the  case. 
For  the  desilverization  of  poor  argentiferous  lead  a  system  called  the 
method  by  eighths  is  sometimes  employed,  when,  instead  of  removing  two- 
thirds  of  the  contents  of  each  pot  in  the  form  of  crystals,  seven-eighths 
are  taken  out  in  that  state.  The  treatment  of  poor  argentiferous  lead 
may,  however,  be  effected  by  a  combination  of  the  two  systems;  beginning 
by  the  method  of  eighths,  the  enriched  lead  may  be  further  concentrated 
by  the  method  of  thirds.  The  desilverization  of  lead  by  crystallization 
has,  however,  to  a  large  extent  been  replaced  by  desilverization  by  zinc 

MoniFiOATiONS  OF  Pattinson's  Procbss. — A  patent  was  granted  to 
Mr.  P.  J.  Worsley,  in  1860,  for  "  Improvements  in  the  Separation  of 
Silver  and  Lead,"  but  although  sundry  experiments  carried  out  at  Bother* 
hithe  sufficiently  demonstrated  the  efficiency  of  the  process,  it  was  ulti- 
mately abandoned,  on  the  ground  of  the  expensive  nature  of  the  necessary 
alterations  in  plant,  and  on  account  of  the  time  required  for  the  work* 
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men  to  acquire  the  requisite  experience.  A  very  similar  arrangement  for 
effecting  the  same  object  was,  however,  introduced  at  lead-works  at  Rouen 
and  elsewhere,  under  the  name  of  the  "sj/sthne  Laveissih-e,"  The  arrange- 
ment employed  for  this  process  essentially  consists  of  two  cast-iron  vessels, 
the  first  of  which  is  called  the  meHing-pot  and  the  other  the  crystallizing' 
poi^  which  must  be  placed  at  such  a  level  that  the  metal  from  the  melting- 
pot  may  be  run  directly  into  it  Below  the  level  of  the  crystallizing-pot 
must  be  one  or  more  receivers  for  the  reception  of  the  enriched  lead.  The 
melting-pot  is  provided,  on  the  side  next  the  crystallizer,  with  a  discharge- 
pipe  closed  by  a  slide-valve. 

The  crystallizing  apparatus  is  a  cast-iron  pot,  provided  with  a  vertical 
stirrer,  which,  at  opposite  sides  of  the  bottom,  has  discharge-pipes  fitted 
with  slide-valves.  Each  of  these  is  heated  by  a  fire  to  prevent  its  becoming 
obstructed  by  the  cooling  of  the  metal  within  it,  and  below  are  placed 
pots  for  the  reception  of  the  liquid  alloy,  which,  on  opening  the  valves, 
drains  from  the  crystals  retained  in  the  pot  above.  The  stirring  apparatus 
consists  of  two  vertical  shafts  of  wrought-iron  working  vertically  in  the 
centre  of  the  pot ;  one  of  these  is  solid,  and  stands  on  a  step  cast  on  the  * 
bottom,  while  the  other,  which  encloses  it,  is  a  tube,  supported  by  a  collar. 
Each  axle  has,  at  its  upper  extremity,  a  mitre-wheel,  and  the  outer  one 
being  shorter  than  the  other,  another  mitre-wheel  is  made  to  work  hori- 
zontally between  them  in  such  a  way  as  to  cause  the  two  shafts  to  revolve 
in  contrary  directions.  To  the  lower  extremity  of  each  is  attached  an 
iron  stirrer  provided  with  knives,  which  almost  touch  the  sides  of  the  pot, 
so  as  to  protect  them  from  any  incrustation  of  chilled  lead.  The  object 
of  this  stirrer,  which  receives  its  motion  by  a  belt,  from  a  steam-engine 
or  water-wheel,  is  to  promote  throughout  the  mass  the  production  of  that 
uniformity  of  temperature  necessary  for  the  crystallization  of  the  metal, 
and  to  so  compress  the  crystals  formed  as  to  cause  them  to  separate  readily 
from  the  liquid  alloy. 

With  the  formation  of  increasing  quantities  of  crystals  the  resistance 
to  stirring  becomes  greater,  and  when  a  certain  quantity  has  accumulated, 
a  considerable  amount  of  power  becomes  necessary.  The  apparatus  em- 
ployed should  therefore  be  provided  with  a  tightening  pulley,  or  some 
similar  contrivance,  by  which  the  belt  is  made  to  slip  when  the  desired 
accumulation  of  crystals  has  taken  place.  These  conditions  may  be  so 
adjusted  as  to  suit  any  system  of  working ;  but  when  the  liquid  alloy  is 
to  be  reduced  to  one-third  the  weight  of  the  total  contents  of  the  pot^  the 
stirrer  must  be  arrested  as  soon  as  two-thirds  of  the  charge  have  assumed 
the  crystalline  form.  The  pots  are  heated  by  separate  fire-places,  and 
above  those  into  which  the  liquid  alloy  is  run  out,  is  a  crane  by  which 
the  enriched  lead  is  lifted,  by  means  of  an  iron  eye-bolt  placed  in  the  mould 
before  the  lead  solidifies,  and  is  brought  back  to  the  melting-pot»  to  be 
again  treated. 

In  working  with  this  apparatus,  such  a  quantity  of  lead  must  be 
melted  as  corresponds  to  the  capacity  of  the  crystallizing  vessel,  and  as 
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soon  as  it  is  fused  it  is  run  into  the  crystallizer,  and  the  operation  of 
stirring  commences. 

The  formation  of  crystals  is  effected  in  the  usual  way  by  gradually 
lowering  the  temperature,  and  as  soon  as  the  required  amount  has  been 
formed,  the  lateral  valves  are  opened  and  the  liquid  alloy  run  into  the 
receiving-pots.  Lead,  containing  the  same  amount  of  silver  as  the  crystals 
remaining  in  the  crystallizer,  is  now  fused  in  the  melting-pot  in  sach 
quantity  as  to  make  up  with  them  another  charge.  This  is  tapped  at  a 
high  temperature  upon  the  crystals,  and  a  second  quantity  of  enriched 
alloy  is  obtained.  These  operations  are  continued  until  rich  alloy  suited 
for  cupellation  is  obtained  on  the  one  hand,  and  poor  lead  ready  for  the 
market  on  the  other. 

As  soon  as  a  sufficient  amount  of  each  class  of  lead  has  been  accu- 
mulated to  make  up  a  full  charge,  with  the  crystals  remaining  in  the 
crystallizer,  the  process  may  be  continued  with  unbroken  regularity.  It 
is  stated  that  by  this  method  the  cost  of  labour  is  only  about  one-half  of 
that  by  the  or(hnary  process,  and  that,  in  addition,  a  considerable  saving 
of  fuel  is  effected. 

At  the  lead-works  of  lOL  Luce  &  Rozan,  near  Marseilles,  a  process 
of  crystallizing  by  steam  has  been  introduced.  The  apparatus  employed 
is  similar  in  form  and  arrangement  to  that  employed  by  M  Laveissi^ 
at  Bouen  ;  but  instead  of  using  machinery  for  stirring  the  lead,  the  same 
object  is  more  simply  and  effectually  accomplished  by  introducing  a  jet 
of  high-pressure  steam  into  the  molten  metal.  The  agitation  caused 
by  the  ascent  of  the  steam  through  the  mass  of  lead  is  very  great,  and 
necessitates  that  the  sides  of  the  pot  should  be  higher  than  usual  above 
the  surface  of  the  metal,  and  also  that  it  should  be  provided  with  a 
strong  iron  cover,  having  segmental  openings  fitted  with  hinged  flaps, 
which  the  workmen  open,  one  after  the  other,  as  required.  To  this 
cover  is  fitted  a  large  iron  pipe,  through  which  the  escaping  steam  and 
dust  are  carried  into  condensing  chambers  communicating  with  the 
chimney.  The  dry  steam  is  maintained  at  a  uniform  pressure  of  about 
45  lbs.  per  square  inch ;  experience  having  shown  that  a  lower  one  is 
insufficient  to  overcome  the  resistance  offered  by  the  mass  of  crystals,  and 
that  steam  at  a  higher  pressure  acts  too  energetically  as  an  oxidizing 
agent.  Before  turning  on  steam,  care  must  be  taken  to  let  out  any 
condensed  water  that  may  have  collected  in  the  steam-pipes,  since  other- 
wise an  explosion  would  ensue. 

The  steam  crystallizing  process  has  been  adopted,  among  other  localities, 
at  Newcastle,  Stanhope-in-Weardale,  Eureka  Nevada,  and  Przibram.^ 
At  the  latter  place,  the  crystallizer  is  a  flat-bottomed  cylindrical  pot^  4J 
feet  both  in  diameter  and  depth,  holding  20  tons.  Two  trough-shaped 
melting-pans,  each  of  7  tons  capacity,  are  placed  behind  and  a  little  abo%'e 
the  top  of  the  crystallizer.  They  are  loose  on  their  seats,  so  that  the 
melted  lead  may  be  run  out  by  tipping  them  at  one  end  with  a  crane. 
1  Balling.  MetaHhttttenkiinde,  p.  292. 
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Steam  is  admitted  by  a  horizontal  pipe  a  little  above  the  bottom  of  the 
crystallizer,  having  an  iron  baffle  plate  fixed  above  it  in  order  to  distribute 
the  current  through  the  molten  lead.  The  conical  cover  of  the  crystallizer 
has  two  working  openings  and  is  jacketed ;  the  flue  gases  of  the  melting 
fire-place  being  passed  through  the  jacket  whenever  it  is  desired  to  clear 
the  inner  cover  from  splashed  lead  solidified  upon  it  Each  operation 
lasts  about  four  hours,  of  which  three  are  required  for  melting  and  one 
for  crystallizing.  During  the  latter  stage  steam  is  passed  through  the 
metal  until  the  resistance  is  so  great  that  there  is  no  longer  any  perceptible 
boiling.  The  enriched  lead  is  run  off  by  a  spout  closed  by  a  slide  valve, 
which  is  heated  by  a  special  fire  to  prevent  it  from  becoming  choked  by 
solid  lead.  The  crystals  are  kept  back  by  a  perforated  straining  plate. 
The  lead,  which  is  liquated  but  not  softened  before  crystallizing,  contains 
about  150  ounces  of  silver,  and  is  divided  by  ten  or  twelve  operations  into 
rich  and  poor  portions,  with  350  to  450  ounces,  and  0*3  to  1  ounce  per  ton 
respectively.  The  latter  is  passed  through  the  softening-furnace  to  remove 
the  last  traces  of  antimony  before  it  is  fit  for  sale.  From  six  to  seven 
charges  are  usually  worked  in  twenty-four  hours,  with  a  consumption  of 
4  cwts.  of  coal  per  ton  of  lead  treated.  As  compared  with  the  oidinaiy 
Pattinson  process,  the  saving  in  fuel  is  about  40  per  cent.,  and  in  wages 
20  per  cent.,  but  the  production  of  dross  and  oxides  is  larger,  and  more 
frequent  repairs  are  required.  The  crystallizers  require  renewal  after 
120  days  and  the  pans  after  40  days'  working. 

Desilvebization  by  Zinc.  Pabkes's  Pbocbss. — When  lead  and  zinc 
are  melted  together,  and  the  fused  mixture  is  allowed  to  cool  slowly,  the 
zinc  solidifies  firsts  forming  a  layer  on  the  surface  of  the  metallic  bath, 
which  may  be  readily  removed  in  the  form  of  a  crust  containing  nearly 
the  whole  of  the  silver  originally  present  in  the  lead.  Patents  for  the 
desilverization  of  lead  by  this  means  were  granted  to  Mr.  Alexander 
Parkes,  of  Birmingham,  in  the  years  1850,  1851,  and  1852 ;  in  1859 
this  process  was  in  operation  at  the  works  of  Messrs.  Sims,  Willyams, 
Nevill  &  Co.,  of  Llanelly.  As  it  was  there  carried  out,  the  process  is 
conducted  as  follows  : — A  charge  of  7  tons  of  the  lead  to  be  desilverized 
is  fused  in  a  large  cast-iron  pot,  close  to  which  is  a  smaller  one  for  the 
fusion  of  the  necessary  zinc.  As  soon  as  the  whole  of  the  lead  has 
become  melted  it  is  made  to  boil,  by  the  insertion  of  a  green  pole,  and 
the  oxides,  which  rise  to  the  surface,  are  removed  by  a  perforated  skimmer. 
The  temperature  of  the  metal  is  now  raised  to  the  melting-point  of  zinc, 
and  zinc  is  added  in  the  fused  state  in  the  proportion  of  about  1^  lb.  for 
each  ounce  of  silver  contained  in  the  lead  operated  on.  The  mixture  is 
now  well  stirred  during  about  two  hours,  the  fire  subsequently  withdrawn, 
and  the  metal  allowed  gradually  to  cool.  During  the  process  of  cooling, 
any  of  the  zinc  alloy  which  may  adhere,  in  the  form  of  rings,  to  the  sides 
of  the  pot  must  be  removed  by  means  of  a  piece  of  wood,  and  as  soon 
as  the  surface  has  sufficiently  hardened  it  is  collected  by  skimming  with 
a  perforated  ladle.     The  alloy  thus  obtained  is  a  mixture  of  lead  and 
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Einc  containing  silver,  and  is  subjected  to  a  process  of  liquation  in  an 
inclined  iron  retort^  where  it  is  heated  somewhat  above  the  melting-point 
of  lead.  The  eliqoated  lead  thns  obtained  should  assay  about  10  ouno^ 
of  silver  per  ton,  and  the  residual  zinc  will  contain,  in  addition  to  a  con- 
siderable amount  of  silver,  about  50  per  cent  of  lead.  This  eliquated 
lead  is  allowed  to  accumulate  until  the  quantity  is  sufficient  to  form  a 
charge  for  the  melting-pot^  when  it  is  fused  and  skimmed  in  the  usual 
way,  but  without  addition  of  zinc,  as  the  proportion  of  that  metal  present 
is  sufficient  for  the  removal  of  the  silver.  The  zudc,  after  being  as  &r  as 
possible  freed  from  lead  by  liquation,  is  distilled  in  a  Belgian  furnace,  in 
admixture  with  lime  and  coal-dust ;  the  residue  in  the  retorts  consists 
of  lead  and  pulverulent  matter.  The  former  is  re-melted,  skimmed, 
and  cupelled ;  and  the  latter  added  to  the  charges  of  an  ordinary  lead 
furnace. 

The  lead  which  remains  in  the  melting-pot,  after  the  removal  of  the 
argentiferous  alloy  from  its  surface,  contains  a  certain  amount  of  sinc^ 
which  is  removed  by  treatment  in  the  ordinary  softening  furnace.  The 
furnace  used  for  this  purpose  may  be  of  the  usual  dimensions,  and  the 
melted  lead  is  maintained  at  a  full  red  heat  for  a  period  varying  with  its 
quality.  A  calcination  of  from  nine  to  twelve  hours  wiU  generally  be 
found  sufficient,  but  samples  must  be  taken  from  time  to  time  for  the 
purpose  of  testing  the  progress  of  the  operation.  The  lead  is  skimmed 
twice ;  once  about  three  hours  after  charging,  and  a  second  time  shortly 
before  tapping. 

After  a  comparatively  short  trial,  Fkrkes's  process  was  abandoned  at 
the  Uanelly  works,  as  practical  difficulties  were  experienced  which 
could  not  at  the  time  be  overcome.  In  1851  this  subject  was  carefully 
investigated  by  Karsten  and  Lange  at  Friedrichshiitte,  near  Tamowitz  j 
but  the  process  was  then  abandoned  on  the  following"ground&  First, 
that  it  was  difficult  to  so  completely  separate  the  zinc  from  the  desilve]> 
ized  lead  as  to  render  it  easily,  marketable ;  secondly,  that  the  silver 
could  not  be  extracted  from  the  zinc  alloy  without  considerable  loss; 
and  thirdly,  that  the  separation  of  zinc  from  the  lead  was  somewhat 
difficult  to  accomplish. 

MoDiFiOATiONB  OF  Parkbs'b  Pboobss. — The  desilverization  of  lead  by 
zinc  was  again  taken  up  in  Germany  in  1866,  since  which  date  the 
process  has  been  in  operation  at  the  works  of  Messrs.  Pirath  &  Ca,  of 
Commem,  and  at  those  of  Herbst  &  Co.,  near  Call,  dec.,  where  the 
process  is  conducted  as  follows : — The  lead  is  melted  in  a  laige  iron  pot^ 
and  sufficiently  heated  to  fuse  a  piece  of  zinc  when  placed  upon  its 
surface.  The  zinc  is  added  in  three  successive  portions;  first,  two- 
thirds  of  the  quantity  required,  then  one-fourth,  and  lastly  one-twelfth. 
After  addition  of  the  first  portion,  the  two  metals  are  intimately  mixed 
by  stirring  with  a  perforated  ladle  for  half  an  hour ;  during  this  period 
the  temperature  is  maintained,  and  at  the  expiration  of  that  time  the 
fire  is  damped  with  wet  fuel,  and  the  pot  allowed  to  cool.    As  soon  as 
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the  crust  of  zinc  which  accumulates  on  the  surface  has  become  suffi- 
ciently solidified  it  is  remoyed,  and  any  portions  that  may  adhere  to  the 
sides  are  carefully  detached;  the  skimming  being  continued  until  the 
lead  begins  to  crystallize  and  to  set  on  the  sides  of  the  pot  The  lead  is 
now  again  heated  to  the  melting-point  of  zinc,  the  second  portion  of  that 
metal  is  added,  and  the  stirring  and  skimming  conducted  as  before. 
Finally,  the  third  addition  of  zinc  is  made,  and  the  contents  of  the  pot 
are  again  stirred  and  skimmed.  On  account  of  the  richness  in  silver  of 
the  zinc  which  comes  to  the  surface,  it  becomes  necessary  that  in  this 
case  the  skimming  should  be  performed  with  more  than  usual  care.  The 
proportion  of  zinc  added  is  regulated  in  accordance  with  the  amount  of 
silver  present  in  the  lead. 

For  the  complete  desilverization  of  argentiferous  lead  the  following 
proportions  of  zinc  have,  in  practice,  been  found  necessary : — 
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It  will  be  observed  that  the  quantity  of  zinc  necessary  is  by  no  means 
proportionate  to  the  amount  of  silver  contained  in  the  lead.  No  reason 
can  be  assigned  for  this,  but  the  accuracy  of  the  figures  given  has  been 
confirmed  by  the  results  of  a  series  of  trials  made  at  Clausthal. 

The  argentiferous  zinc  removed  from  the  mixing-pot  retains  a  con- 
siderable amount  of  lead,  which  was  at  first  partially  separated  by 
liquation  by  means  of  two  iron  pots,  one  placed  at  a  higher  level  than 
the  other.  To  the  bottom  of  the  upper  pot  is  cast  a  pipe,  which  can  be 
opened  or  closed  as  required.  The  zinc  skimmings  are  strongly  heated 
in  this  pot^  and  the  eliquated  metal  which  collects  in  the  bottom  is 
tapped  into  the  lower  vessel,  while  the  argentiferous  residue  remains  in 
the  upper  one  in  the  form  of  a  pulverulent  mass.  The  eliquated  metal 
carries  with  it  a  little  silver  and  zinc,  and  after  slowly  cooling,  it  is 
skimmed,  the  skimmings  being  again  subjected  to  liquation.  The  resi- 
dual lead,  which  is  now  poor  in  silver,  is  added  to  the  original  metal 
previously  to  the  introduction  of  the  third  portion  of  zinc.  The  argen- 
tiferous zinc  residues  are  finally  melted  in  a  small  blast-furnace  with  an 
admixture  of  lead  slags  and  tap-cinder,  and  the  lead  obtained  cupelled  in 
an  English  refining-fumaca 

At  the  works  of  Herbst  &  Co.  the  dezincification  of  the  desilverized 
lead  has  been  effected  by  the  use  of  chloride  of  lead.  For  this  purpose 
the  poor  lead  from  which  the  zinc  is  to  be  removed  is  kept  melted  at  a 
moderate  temperature,  for  about  twenty-four  hours,  under  a  layer  of 
chloride  of  lead,  when,  by  frequent  stirring,  the  zinc  is  converted  into 
zinc  chloride  with  the  separation  of  metallic  lead.  The  lead  chloride 
used  is  prepared  by  treating  fume  from  the  flues  with  hydrochloric  acid^ 
and  is  consequently  not  pure. 
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According  to  Illig  the  dezincification  of  desilverized  lead  may  be 
effected  by  passing  it  through  a  small  blast-furnace  with  the  addition  of 
sand  and  tapK^inder.  There  can  be  no  doubt  but  that  the  zinc  may  be 
thus  removed,  although  a  considerable  loss  of  lead  must  ensue,  and  the 
lead  so  treated  would  be  more  or  less  hardened. 

In  the  year  1866,  Clemens  Fleming  Flach,  "of  Call,  in  the  kingdom 
of  Prussia,"  obtained  letters  patent  in  this  country  for  "  Improvements 
in  Extracting  Silver  from  Lead."  By  the  system  described  in  the  speci- 
fication of  this  patent  the  lead  is  first  desilverized  by  two  or  more 
successive  additions  of  zinc  in  the  usual  way,  and  the  resulting  argenti- 
ferous alloy  is  melted  in  a  blast-furnace  with  siliceous  slags.  The  zinc 
is  removed  from  the  desilverized  lead  by  fusion  with  slags  in  a  blast- 
furnace, and  by  boiling  the  lead  produced,  when  in  a  state  of  fusion,  by 
the  introduction  of  green  poles.  The  process  for  separating  zinc  from 
the  desilverized  lead  in  the  blast-furnace  has  not,  however,  been  generally 
adopted. 

This  process  in  its  modified  form  is  simple,  and  is  conducted  in  the 
following  way.  At  a  height  of  about  8  feet  from  the  level  of  the  floor 
three  cast-iron  pots  are  set  in  brick-work  over  separate  fire-places ;  the 
largest  of  these  pots  is  of  a  capacity  to  contain  a  charge  of  about  20  tons 
of  lead,  while  the  other  two  are  much  smaller,  each  holding  about  6  tons 
of  metal. 

The  lead  to  be  desilverized  is  melted  in  the  larger  pot,  where  the 
usual  quantity  of  zinc  is  added,  and  the  argentiferous  alloy  removed,  in 
perforated  ladles.  This  is  deposited  in  one  of  the  smaller  pots,  in  which 
a  portion  of  the  associated  lead  is  separated  by  liquation ;  this  collects  at 
the  bottom,  and  the  concentrated  argentiferous  alloy  is  skimmed  from  its 
surface  by  the  aid  of  a  perforated  ladle.  When  one  of  the  smaller  pots 
has  become  tilled  with  skimmings  from  the  large  one  it  is  subjected 
to  liquation;  the  other  in  the  meantime  serving  for  the  reception  of 
skimmings  from  the  larger  pot. 

The  argentiferous  aUoy,  from  which  as  much  as  possible  of  the  lead 
has  been  previously  separated,  may  be  smelted  with  an  admixture  of  lead 
slag  and  tap-cinder,  in  a  low  blast-furnace,  blown  by  three  tuyers.  The 
lead  thus  obtained  is  finally  subjected  to  cupellatioiu  During  the  process 
of  smelting  in  the  blast-furnace  the  zinc  becomes  volatilized,  and  is 
carried  off  by  the  flue  in  the  form  of  zinc  oxide ;  the  draught  is  accelerated 
by  the  introduction  of  a  steam-jet  into  the  flue  leading  from  the  top  of 
the  blast-furnace  to  the  chimney. 

The  lead  eliquated  in  the  smaller  pots,  from  the  skimmings  removed 
from  the  large  one,  is  added  to  the  next  charge  of  original  lead.  That 
remaining  in  the  large  pot,  after  the  removal  of  the  zinciferous  crust,  is 
tapped  into  the  pan  of  an  improving-fumace,  situated  at  a  lower  level, 
where  it  is  kept  at  a  red  heat  during  about  twelve  hours,  and  is  occasion- 
ally skimmed ;  at  the  expiration  of  this  time  it  is  drawn  off  into  a  cast- 
iron  pot  and  laded  into  moulds  as  market-lead. 
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At  the  Par  Smelting  Works,  where  this  system  was  in  operation  for 
several  years,  a  saving  of  40  per  cent  was  effected  over  the  cost  of 
desilverization  by  the  Pattinson  process,  and  the  excess  of  silver  was 
larger  than  was  obtained  by  that  method ;  the  loss  of  lead  was  stated  to 
be  slightly  over  2  per  cent.  Guillem  &  Co.,  of  Marseilles,  state  that  by 
this  system  their  rich  lead  is  concentrated  so  as  to  contain  9  per  cent,  of 
silver,  and  they  estimate  the  saving  in  cost^  as  compared  with  the  ordinary 
Pattinson  process,  at  45  per  cent 

By  Cordnri^'s  process,  for  which  a  patent  was  obtained  in  this  country 
a  few  weeks  prior  to  the  date  of  Flach's,  the  dezincification  of  desilverized 
lead  is  effected  by  the  agency  of  steam.  Superheated  steam  is  passed 
through  the  desilverized  lead,  heated  to  redness,  until  hydrogen  gas  ceases 
to  be  evolved.  By  this  means  the  zinc  is  oxidized  by  the  oxygen  of  the 
steam  with  an  equivalent  evolution  of  hydrogen,  while  the  lead  is  but 
slightly  attacked.  The  zinc  oxide  which  rises  to  the  surface  is  subse- 
quently skimmed  off.  The  argentiferous  crust  of  zinciferous  alloy  is  also 
exposed  to  the  action  either  of  hot  air  or  of  superheated  steam ;  the  zinc 
is  thus  oxidized,  together  with  a  certain  quantity  of  lead,  and  the  mixed 
oxides  are  separated  from  the  residual  argentiferous  lead  either  by 
liquation  or  by  skimming.  The  rich  lead  resulting  from  this  treatment 
is  cupelled. 

Schnabel  has  introduced  a  method  of  treatment  for  the  rich  argenti- 
ferous oxides  produced  in  this  process,  which  contain  both  zinc  and  lead 
oxides  and  metallic  lead,  and  are  exceedingly  refractory.  This  consists 
in  digesting  the  oxides  with  a  hot  ammoniacal  solution  of  carbonate  of 
ammonium  in  gsis-tight  vessels  under  pressure,  when  zinc  oxide  dissolves, 
leaving  the  silver  lead  and  lead  oxide  in  a  form  suitable  for  addition  to 
the  refinery  test  The  ammoniacal  solution,  after  passing  over  zinc  plates 
to  remove  copper,  is  distilled  to  recover  the  ammonia,  and  the  residue  of 
basic  zinc  carbonate  is  converted  by  calcination  into  zinc  oxide,  which  is 
used  as  paint. 

In  America  the  larger  portion  of  the  lead  smelted  in  Nevada,  Utah, 
and  Colorado  is  either  sent  to  the  Pacific,  the  Missouri  Valley,  or  to  the 
Eastern  States  to  be  softened  and  desilverized.  The  largest  and  most 
important  of  these  establishments  are  Balbach's  Smelting  and  Eefining 
Works  at  Newark,  New  Jersey,  and  the  Omaha  Refinery  in  Nebraska. 
The  lead  treated  is  usually  very  impure,  and  requires  a  preliminary  cal- 
cination in  the  softening-furnace  in  order  to  remove  antimony  and  other 
oxidizable  metals.  The  softened  lead,  containing  from  0*3  to  1  per  cent, 
of  silver,  is  run  into  pots,  where  it  is  treated  with  zinc,  the  quantity  of 
the  latter  metal  being  so  proportioned  that  the  skimmings,  after  distilla- 
tion, may  leave  a  residual  rich  lead  containing  from  8  to  10  per  cent  of 
silvei?  On  account  of  the  highly  argentiferous  character  of  the  lead 
operated  on,  the  proportion  of  zinc  used  is  unusually  large,  amounting  to 
from  1 J  to  3  per  cent  of  the  lead  desilverized. 

The  zinc  alloy  is  first  chilled  by  water,  and  subsequently  removed  in 
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the  form  of  a  coherent  crust  from  the  surface  of  the  lead  hath,  after  which 
it  is  subjected  to  liquation  in  a  rererberatory  furnace. 

This  process  is  conducted  at  so  low  a  temperature  that  the  adherent 
lead  only  is  melted,  while  the  less  fusible  zinc  and  silver  alloy  is  merely 
softened.  During  this  operation  care  is  taken  to  exclude  air  as  corn- 
pletely  as  possible,  in  order  to  prerent  the  formation  of  metallic  oxides. 
The  lead  thus  separated,  which  is  nearly  free  from  silver,  runs  down  the 
inclined  bed  of  the  furnace  into  the  desilverizing  pots,  while  the  aigenti- 
f erous  alloy,  containing  from  4  to  6  per  cent,  of  silver,  is  chiefly  in  the 
metallic  state ;  a  point  of  much  importance  in  facilitating  its  subsequent 
treatment  by  distillation. 

The  furnace  used  for  the  latter  operation,  the  joint  invention  of 
Messra  Balbach  and  Faber  du  Faur,  is  an  air-furnace  mounted  on 
trunnions,  and  turning  by  the  action  of  worm-wheel  gearing. 

An  open  arch  turned  over  the  fire-place  supports  a  single  bottle- 
shaped  retort^  placed  with  the  mouth  inclining  upwards,  and  the  neck 
projecting  beyond  the  front  walL  The  retorts  made  of  black-lead, 
fire-clay,  and  burnt  fire-bricks,  are  2  feet  7  inches  in  length,  and  hsYe  a 
thickness  of  2J  inches.  The  charge,  consisting  of  from  220  to  330  lbs. 
of  eliquated  zinc  skimmings,  broken  up  on  an  iron  plate  in  front  of  the 
reverberatory  furnace,  is,  while  still  hot,  introduced  into  the  retort,  also 
at  a  red  heat,  together  with  from  4^  to  9  lbs.  of  charcoal  dust,  and  is 
fired  for  some  eight  to  ten  hours  at  the  full  heat  of  the  furnace. 

Nearly  8  cwts.  of  coke  are  consumed  during  this  operation,  and  the 
zinc  separated  is  condensed  in  a  receiver  usually  formed  out  of  the  neck 
of  an  old  retort.  In  this  way  about  40  per  cent  of  the  zinc  is  collected 
in  the  metallic  state,  together  with  about  20  per  cent,  in  the  form  of 
dust  and  oxide,  both  being  practically  free  from  silver.  The  residual 
rich  lead,  containing  only  traces  of  zinc,  is  removed  by  turning  the  fur- 
nace on  its  trunnions  until  the  neck  of  the  retort  is  below  the  horizontal, 
when  it  flows  out  into  a  mould  placed  for  its  reception,  and  is  then  leady 
for  refining  in  the  ordinary  test-furnace.  A  retort  is  usually  capable  of 
working  from  fifteen  to  thirty  charges  without  renewaL  By  taking  care 
to  prevent  oxidation  of  the  zinc  during  the  operation  of  liquation  the 
expense  of  dealing  with  huge  quantities  of  argentiferous  sunc  oxide  is 
entirely  avoided. 

This  process,  which  is  considerably  more  economical  than  the  fusion 
of  the  argentiferous  alloy  in  a  blast-furnace,  is  now  generally  adopted  ia 
the  United  States  under  the  name  of  the  Balbach  process,  and  has  also 
been  introduced  into  the  principal  lead  refineries  on  the  Continent  of 
Europe  and  in  this  country.  The  cost  of  desilverizing  lead  by  zinc  la  not 
only  less  than  by  any  of  the  processes  by  crystallization,  but  the  loss  of 
silver  in  the  market-lead  is  also  thereby  almost  entirely  avoided. 
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CUPELLATION  OR  EeFINING. 

Enoush  Refinery. — In  this  country  the  separation  of  silver  from 
lead  is  conducted  on  a  hearth  made  of  bone-ash,  forming  the  movable 
bottom  of  a  reverberatory  furnace.  The  hearth  or  test  is  contained 
in  an  elliptical  iron  framing,  seldom  less  than  5^  or  6  inches  in  depth, 
usually  about  4  feet  in  its  greater  and  3  feet  in  its  lesser  diameter.  To 
support  and  strengthen  the  bottom  of  the  test,  this  frame  is  provided 
with  four  parallel  cross-bars,  4^  inches  wide,  and,  like  the  ring  itself, 
half  an  inch  in  thickness.  There  are  also  two  bars,  called  ''  strap-bars," 
connecting  the  first  transverse  bar  at  the  wider  end  with  the  ring. 
This  framing,  or  test-ring^  is  most  frequently  made  of  wrought-iroui 
the  cross-bars  being  attached  by  rivets,  but  in  some  cases  it  is  formed 
of  cast-iron,  and  is  then,  including  the  bars  across  the  bottom,  cast  in 
one  piece. 

To  prepare  a  test,  the  frame  is  filled  with  bone*ash  well  beaten  in 
layers,  after  having  been  previously  moistened  with  a  little  water,  holding 
a  small  quantity  of  pearl-ash  in  solution ;  the  presence  of  a  minute  pro- 
portion of  this  substance  has  the  effect  of  giving  consistency  to  the  cupel 
when  heated.  After  the  framing  has,  in  this  way,  been  filled  with  slightly 
moistened  bone-ash,  solidly  beaten  down,  a  cavity  is  carefully  scooped  in 
its  upper  surface,  until  the  sides  are  left  2  inches  in  width  at  top,  measuring 
from  the  iron  ring,  and  gradually  widening  to  about  3  inches  at  bottom ; 
the  thickness  of  the  bottom  itself  may  be  about  l^  inch. 

At  the  front,  or  wider  end  of  the  test,  three  holes  are  usually  bored 
through  it ;  of  these  the  central  one  is  made  to  communicate,  by  means  of 
a  channel,  with  the  fluid  litharge  in  the  annular  cavity,  formed  between 
the  test  and  the  slightly  curved  edge  of  the  metallic  bath.  This  allows 
the  fused  oxide  of  lead  to  escape  as  rapidly  as  it  is  produced,  and  when 
it  becomes  so  much  corroded  by  the  action  of  litharge  as  to  be  no  longer 
serviceable,  it  is  closed  by  a  little  moistened  bone-ash,  and  a  new  channel 
is  opened  in  connection  with  one  of  the  other  holes. 

The  test  thus  prepared  must  be  kept  for  some  time  in  a  warm  place, 
to  become  thoroughly  dry,  and  may  be  then  placed  in  the  refining  furnace, 
of  which  it  forms  the  bottom.  Figs.  196, 197, 198,  represent,  respectively, 
an  elevation,  a  horizontal  section,  and  a  vertical  section,  through  the 
longer  axis,  of  the  refinery  employed  at  the  Coueron  Lead- Works. 

The  size  of  the  fire-place,  A,  varies  with  the  other  dimensions  of  the 
furnace,  but  it  is  usually  nearly  square,  and  may  measure  about  2  feet  by 
2  feet  4  inches.  This  is  separated  from  the  body  of  the  furnace  by  a 
bridge,  from  14  to  18  inches  in  width,  so  that  the  products  of  combustion 
pass  from  it  directly  over  the  surface  of  the  test,  and  escape  to  the  main 
flue  by  two  separate  apertures,  a.  The  test^  B,  is  maintained  in  its  posi- 
tion, so  as  to  form  the  furnace  bottom,  by  being  tightly  jammed,  by  means 
of  the  wedges,  ft,  of  which  there  are  four,  supported  by  two  iron  bars, 
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against  the  iron  ring,  c  (fig.  198),  firmly  built  into  the  masonry  of  the 
furnace.  The  application  of  heat  to  the  test  must,  at  first,  be  regulated 
with  care,  since  if  the  temperature  were  too  abruptiy  raised  it  would  be 


Fig,  196.— Refinery ;  front  elevation. 

liable  to  crack  and  exfoliate.  As  soon  as  it  has  become  properly  annealed 
it  is  heated  to  redness,  and  a  charge  of  the  lead  to  be  operated  on  is  intro- 
duced. In  the  majority  of  cases  this  is  previously  fused  in  an  iron  pot, 
C,  set  over  a  fire-place,  and  provided  with  a  gutter,  d^  through  which  the 


Fig.  197. — Refinery ;  horizontal  section. 


molten  lead  is  laded  into  the  cavity  of  the  test  When  first  introduced  into 
the  furnace,  the  liquid  metal  becomes  covered  by  a  greyish  dross ;  but  as 
soon  as  it  has  acquired  the  full  temperature  of  the  testj  the  surface  of 
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the  bath  uncovers,  and  fused  litharge  begins  to  make  its  appearance. 
The  blast  is  now  turned  on  through  the  nozzle,  e,  and  the  melted  litharge 
is  thus  driven  from  the  back  of  the  test  up  towards  the  breast,  whence  it 
escapes  by  a  channel  or  gate,  f  (fig.  197),  in  connection  with  the  central 
aperture,  g,  through  which  it  falls  into  a  shallow  cast-iron  pot,  mounted 
on  wheels,  and  furnished  with  a  long  handle.  When  the  channel,/,  has 
become  so  much  acted  upon  by  the  litharge  as  to  be  no  longer  service- 
able, it  is  closed  and  a  new  one  made,  as  shown  by  the  dotted  lines, 
communicating  with  one  of  the  holes  situated  to  the  right  or  left  of  the 
longer  axis  of  the  test.  Fuel  is  supplied  to  the  grate  through  the  door, 
h,  while  that  marked  i  is  used  for  the  purpose  of  watching  and  regulating 
the  operation ;  the  fumes  are  carried  off  by  the  hood,  A:,  land  the  iron 
chimney,  I  Sometimes,  instead  of  feeding  the  test  with  rich  lead  in  a 
fused  state,  the  metal  is  introduced  in  the  form  of  pigs.     In  such  cases 


Fig.  198.— Refinery ;  traneyerae  eection  through  tuyer. 

the  furnace  is  provided  with  one  or  more  iron-lined  openings,  called  pig- 
holes,  through  which  the  metal  is  introduced  at  the  back  of  the  furnace, 
in  the  vicinity  of  the  blast-pipe.  The  blast,  which  is  usually  supplied 
by  a  fan,  not  only  furnishes  the  oxygen  necessary  for  the  formation  of 
litharge,  but  also  sweeps  the  fused  oxide  along  the  surface  of  the  metal 
towards  the  breast  In  some  cases,  a  blastj  produced  by  means  of  a  jet 
of  steam,  is  employed,  instead  of  a  current  of  air  from  ordinary  blowing 
machinery.  In  proportion  as  the  surface  of  the  metal  in  the  test  becomes 
depressed,  through  constant  oxidation,  and  the  continual  removal  of  the 
resulting  litharge,  additional  lead  is  supplied,  either  from  the  melting-pot, 
C,  or  in  the  form  of  pigs,  so  as  to  keep  it  nearly  at  the  original  level. 
In  this  way  the  operation  is  continued  until  the  lead  has  become  so  much 
enriched  as  to  render  it  desirable  that  it  should  be  tapped.  When  the 
lead  operated  on  contains  about  600  ounces  of  silver  per  ton,  this  opera- 
tion is  generally  performed  at  intervals  of  eight  hours ;  during  this  time 
about  32  cwts.  of  lead  will  have  been  introduced,  and  from  4  to  6  cwts. 
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of  enriched  alloy  will  ren^ain  in  the  bottom  of  the  test  The  Temoval 
of  the  highly  concentrated  argentiferous  lead  is  generally  e£fected  by 
making  a  hole  in  the  bottom  of  the  test  with  a  drill  contrived  for  that 
purpose,  and  running  it  off  into  a  cast-iron  pot^  on  wheels,  placed  under 
the  furnace  for  its  reception ;  in  some  cases,  lading  out  the  rich  lead  is 
resorted  to  instead  of  tapping.  When  the  concentrated  rich  lead  has 
been  thus  drawn  off,  the  tapping-hole  is  closed  by  a  pellet  of  bone-ash, 
kept  in  its  place  by  an  iron  plate,  and  another  charge  is  immediately 
introduced.  The  reason  for  thus  removing  the  enriched  argentiferous 
lead  from  the  test  is  to  avoid  the  distribution  of  too  large  an  amount  of 
silver  in  the  litharge,  which  would  be  the  case  if  fresh  lead  were  con- 
tinuously added  to  a  constantly  increasing  accumulation  of  silver.  In 
works  where  the  concentration  of  silver  is  effected  by  the  use  of  zinc,  it 
is  not  customary  to  tap  the  highly  enriched  lead  from  the  test ;  since  it 
is  found  more  advantageous  to  carry  on  the  operation  without  interrup- 
tion, and  to  add  the  metal  reduced  from  the  final  rich  litharge  to  the 
original  lead,  before  the  introduction  of  zinc  When  tapping  or  lading 
out  is  resorted  to,  the  whole  of  the  lead  operated  on  is  thus  further 
enriched,  and  the  resulting  highly  argentiferous  alloy  is  finally  subjected 
to  cupellation,  either  on  the  same  test,  or  in  another  specially  prepared 
for  the  purpose. 

The  appearance  of  the  surface  indicates  the  precise  period  at  which 
the  operation  is  terminated ;  the  blast  is  then  turned  off,  and  the  fire 
removed  from  the  grate.  The  plcUe  of  silver  is  thus  allowed  to  set,  and 
as  soon  as  it  has  done  so,  the  wedges,  b,  are  removed  from  beneath  the 
test-frame,  which,  together  with  its  contents,  is  lowered  upon  a  small 
iron  bogie-waggon,  and  taken  away  to  cooL  The  silver  is  subsequently 
detached  from  the  test,  and  any  adhering  particles  of  litharge,  slag,  or 
bone-ash  are  removed  by  scraping  with  a  wire  brush. 

An  ordinary  refinery  works  off  from  4  to  6  cwts.  of  lead  per  hour,  and 
consumes  from  6  to  7  cwts.  of  coal  per  ton  of  lead  oxidized.  The  plate 
obtained  may  vary  in  weight  from  5,000  to  10,000  ounces,  and  usually 
contains  from  997  to  998  parts  of  silver  in  a  thousand. 

The  loss  of  lead  experienced  during  the  operation  of  refining  is  about 
7  per  cent,  of  the  weight  worked;  the  process  is  conducted  by  one  refiner 
on  each  shift,  occasionally  assisted  by  a  labourer.  The  test  bottomSi 
which  are  saturated  with  litharge,  and  contain  a  certain  amount  of  silver, 
are  broken  up  and  smelted,  either  in  the  blast-furnace  or  otherwise.  The 
yield  of  silver  from  lead  by  Pattinsonizing  and  subsequent  refining  on 
the  test  is  usually  about  2  per  cent,  above  that  indicated  by  assay  of  the 
ores.  This  is  due  to  subsequent  recovery  of  silver  from  fume,  litharge, 
&c.,  which  is  lost  in  assaying.  Strictly  speaking,  refining  is  not  cupella- 
tion but  scorification,  as  the  bulk  of  the  litharge  flows  like  slag  instead 
of  being  absorbed  by  the  test,  while  in  cupellation  complete  absorption 
of  the  whole  of  the  litharge  is  essential  to  the  success  of  the  operation. 
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German  Cupkllation  (Abtreiben). 

The  German  refinery  or  Treibheerd,  which  is  generally  used  in  Con- 
tinental establishments,  is  represented  in  an  old  form  in  figs.  199,  200,  of 
which  the  first  is  an  elevation,  and  the  second  a  horizontal  section. 

This  is  a  kind  of  reverberatory  furnace,  having  an  oval  hearth  and 
a  lateral  fire-place.  The  foundation  of  the  hearth,  A  (fig.  200),  is  com- 
posed of  fire-bricks  closely  set  on  edge  upon  a  solid  stratum  of  firmly 
compressed  slag,  and  is  covered  by  the  marl  refining  bottom  (Mergel- 
heerd)^  which  corresponds  to  the  bone-ash  test  of  the  English  refinery. 
Formerly  this  was  made  of  natural  marl  finely  powdered ;  but  now  a 
mixture  of  3  or  4  parts  of  limestone  or  dolomite  with  1  of  clay  is 


Figt  IM^. — German  Cupelling  FurnAce ;  eleTatiou. 

generally  used.  The  roof  is  a  dome  of  iron  internally  plastered  over 
with  clay,  and  capable  of  being  either  removed  or  lifted  into  its  place 
by  chains  attached  to  a  lever  supported  by  the  movable  crane,  C.  In 
the  sides  of  this  furnace  are  five  openings ;  by  the  largest  of  these,  d,  the 
flame  passes  from  the  fire-place,  £,  into  the  interior  of  the  hearth ;  the 
two  openings,  /,  serve  for  the  introduction  of  the  tuyers,  by  which  a  blast 
is  thrown  on  the  fused  metal,  for  the  purpose  of  causing  its  oxidation,  and, 
at  the  same  time,  forcing  the  litharge  formed  on  its  surface  towards  the 
aperture,  E,  from  which  it  escapes  in  a  fused  state ;  finally,  F  is  the 
opening,  through  which  a  portion  of  the  lead  to  be  operated  on  is  inserted, 
in  the  form  of  lenticular  discs.  At  the  commencement  of  the  opera- 
tion the  opening,  £,  is  partially  closed  by  the  breast  of  the  hearth,  but 
in  proportion  as  the  operation  advances  channels  or  gateways  are  succes- 
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sively  cut  down  by  a  serrated  iron  bar  to  the  level  of  the  litharge  con- 
tained in  the  furnace.  The  litharge  which  escapes  from  this  opening 
either  flows  down  to  the  floor  of  the  building,  or  is  collected  in  a  mould 
placed  in  front  of  E. 

In  a  new  furnace  the  whole  hearth  above  the  brick  bottom.  A,  is  filled 
with  marl  and  beaten  down  by  heated  rammers,  resembling  broad-toothed 
rakes,  to  the  required  concave  form  of  the  refining  bed,  which  is  deepened 
about  12  or  14  inches  in  the  middle,  and  has  a  circular  hollow  about  an 
inch  deep  (Blickspur)  cut  in  the  lowest  part  for  the  final  collection  of 
the  silver;  but  when  the  furnace  is  at  work,  only  the  upper  saturated 
crust,  about  3  or  4  inches  thick,  is  renewed  after  each  operation.  In 
either  case  the  dome  is  removed  by  the  crane  before  making  the  new  bed. 

When  working  with  unsoftened  lead,  about  5  tons  are  usually  treated 
at  one  operation,  and  of  this  a  little  less  than  three-fourths  is  introduced 


Fig.  800.— German  CupeUing  Fumaoe ;  horizontal  section. 

into  the  furnace  before  lighting  up ;  the  remainder  is  added  at  successive 
intervals  during  the  progress  of  the  refining.  As  soon  as  the  marl  bed  has 
been  dried,  about  75  cwts.  of  lead  are  charged,  in  the  form  of  small  hemi- 
spherical pigs,  which  are  placed  with  their  convex  surfaces  downwards, 
so  as  not  to  injure  the  bottom.  On  the  centre  of  the  heap  of  lead  thus 
formed  are  placed  some  billets  of  wood  ;  these  are  ignited  by  means  of  a 
shovelful  of  burning  charcoal,  and  the  movable  cover,  after  being  care- 
fully dropped  into  its  place,  is  luted  round  with  fire-clay.  The  blast  is 
then  turned  on,  and  a  fire  of  billets  is  made  upon  the  grate.  From  three 
to  five  hours  are  required  for  the  complete  fusion  of  the  mass,  and  when 
this  has  been  accomplished  the  surface  of  the  molten  lead  is  found  to  be 
covered  by  a  scum  of  refractory  oxides  known  as  Ahzug,  In  order  to 
facilitate  the  removal  of  this,  by  skimming,  the  temperature  is  now 
raised,  and  it  is  drawn  through  the  litharge  channel,  £.     This  skimming 
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occupies  about  an  hour,  during  which  time  fresh  quantities  of  scum  are 
continually  rising  to  the  surface.  The  bath  of  lead  gradually  acquires  a 
gentle  circular  movement,  and  becomes  bright  and  clear,  but  is  quickly 
obscured  by  a  covering  of  impure  litharge,  or  Abstrich,^  This,  which  is 
removed  through  the  lithaige  channel,  ordinarily  begins  to  flow  about  an 
hour  and  a  half  after  the  skimming  o£f  of  the  last  Abzug,  and  continues 
to  escape  during  about  the  same  length  of  time,  after  which  pure  litharge 
makes  its  appearance.  Litharge  subsequently  continues  to  flow  from  the 
furnace  until  the  Blickj  or  brightening  of  the  residual  silver,  takes  place ; 
this  generally  occurs  in  from  thirty  to  thirty-three  hours  after  first  turning 
on  the  blast. 

As  soon  as  the  flow  of  Abstrich  has  ceased,  the  remaining  lead  is 
introduced,  two  pigs  at  a  time,  through  the  opening,  F,  which,  besides 
being  used  for  this  purpose,  serves  as  a  passage  for  the  escape  of  a  large 
portion  of  the  products  of  combustion.  The  lead  thus  added  is  placed 
on  a  part  of  the  bottom,  which  is  raised  for  that  purpose  slightly  above 
the  ordinary  level  In  thus  adding  the  second  portion  of  the  lead  to 
be  cupelled,  a  hard  refractory  mass  of  Abzug  is  left  behind  on  the  part 
of  the  bottom  where  the  fusion  of  the  pig  is  effected ;  this  is  from  time  to 
time  loosened  and  removed. 

Towards  the  close  of  the  operation  the  temperature  requires  to  be 
considerably  increased  for  the  purpose  of  keeping  the  alloy,  which  is 
then  rich  in  silver,  in  a  sufficiently  liquid  state.  The  nozzles  of  the 
tuyers  supplying  air  to  the  blast  are  sometimes  covered  by  small  valves 
called  '^  butterflies,"  which,  being  hung  before  them,  serve  to  spread  the 
blast  over  the  surface  of  tiie  metallic  bath.  The  operation  is  continued 
until  the  greater  portion  of  the  lead  has  been  removed  in  the  form  of 
litharge,  and  a  plate  of  nearly  pure  silver  of  the  shape  of  the  cavity  in 
the  bottom  remains. 

Immediately  after  the  brightening  has  taken  place,  the  workmen  throw 
water  over  the  surface  of  the  metallic  residue,  and  the  BlieksUber^  which 
is  not  pure,  but  contains  about  5  per  cent,  of  lead,  &c.  {Schioanhlick- 
9ilber)y  is  removed  from  the  furnace  for  the  purpose  of  being  refined. 

The  average  loss  of  lead  during  cupellation  by  the  German  process  is 
estimated  at  8  per  cent. ;  but  when,  as  was  formerly  the  case,  the  bed 
was  formed  of  lixiviated  wood-ashes  mixed  with  a  little  lime,  this  loss 
is  stated  to  have  been  sometimes  as  high  as  14  per  cent  According 
to  Winkler  (1837),  about  250  cubic  feet  of  cord-wood  are  required  for 
the  cupellation  of  5  tons  of  argentiferous  lead  in  the  state  in  which  it  is 
obtained  from  the  smelting-fumace. 

Since  the  use  of  the  softening  furnace  has  become  general,  much  larger 
quantities  of  lead  are  refined  in  one  operation  than  was  formerly  the 
case,  the  furnaces  being  made  larger,  and  the  circular  form  of  hearth 

'  The  tenni  Abzug  and  Ahstrich  are  applied  differently  in  different  districts ;  but 
generally  speaking  the  latter  may  be  considered  to  be  antimonial  or  arsenical  litharge, 
and  the  former  unmelted  dross  that  must  be  drawn  or  skimmed. 
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modified  to  a  more  nearly  elliptical  or  even  rectangalar  shape.  Thus  at 
Freiberg  the  initial  charge  is  10  tons  for  small  and  15  tons  for  large  fur- 
naces, and  a  further  quantity  of  30  to  35  tons  is  added  to  the  former  and 
35  to  45  tons  to  the  latter  during  the  operation,  which  lasts  six  to  seyen 
days,  until  the  concentration  to  80  per  cent  of  silver  is  effected.  Bohemian 
lignite  is  used  as  fuel,  with  a  blast  under  the  grate.  At  Przibram,  22| 
tons  of  lead  are  charged  at  once  on  a  furnace  with  a  hearth  about  11|  feet 
square,  and  refined  in  three  days,  giving  a  cake  of  95  per  cent  silver,  weigh- 
ing upwards  of  2  cwts.  The  coal  burnt  is  about  20  per  cent,  of  the  weight 
of  the  lead  refined. 

Eefining  thb  Bligksilber. — ^This  operation,  which  is  called  Fein- 
hrennen,  may  be  performed  in  various  ways,  all  founded  on  the  principle 
of  the  separation  of  impurities  by  oxidation,  at  a  temperature  somewhat 
above  the  melting-point  of  silver. 

The  most  ancient  process  appears  to  be  that  of  refining  by  means  of 
a  blast  on  an  open  test,  of  which  the  general  arrangement  is  someivhat 
similar  to  that  of  the  ordinary  blacksmith's  forge.  This  method  of 
refining  is  described  by  Agricola  in  his  'De  Re  Metallica'  (1561),  and 
^ye  illustrative  woodcuts  are  given  of  the  apparatus  then  employed ;  it 
essentially  consists  of  a  large  cupel  beaten  into  an  iron  dish,  and  of 
double  bellows  for  supplying  a  constant  blast  The  test  was  formerly 
made  of  a  mixture  of  two-thirds  lixiviated  wood-ashes  and  one-third 
bone-ash;  subsequently  a  mixture  of  bone-ash  and  sulphate  of  barium 
was  made  use  of,  but  latterly  marl  similar  to  that  used  for  the  furnace 
bottom  was  employed.  A  hollow  was  cut  with  a  curved  knife  in  the 
centre  of  this  test^  which  was  placed  in  a  cavity  prepared  for  its  reception 
in  the  top  of  the  hearth. 

The  Blicksilber  was  cut  into  pieces,  and  piled  upon  the  test,  which 
was  surrounded  by  a  sheet-iron  hoop  filled  with  charcoal ;  ignited  char- 
coal was  placed  before  the  nozzle,  and  the  blast  was  turned  on.  The 
fusion  of  the  silver  was  usually  complete  in  the  course  of  about  half  an 
hour,  when  the  iron  hoop  was  taken  away,  and  the  charcoal  removed 
from  the  surface  of  the  metal  Small  billets  of  dry  wood  were  now  laid 
before  the  tuyer ;  these  were  replaced  by  fresh  ones  as  fast  as  they  were 
consumed,  and  care  was  taken  to  remove  any  ash  that  might  fall  upon 
the  surface  of  the  metallic  bath.  During  this  operation  the  silver  was 
occasionally  stirred  with  an  iron  rod,  and  as  soon  as  the  drop  of  metal 
which  adhered  to  its  extremity  was  observed  to  vegetate  on  coolings  the 
blast  was  stopped,  the  fire  removed,  and  the  cake  of  fine  silver  cooled 
with  water  until  it  had  solidified.  It  was  then  removed  from  the  test, 
and  after  being  cleared  from  adhering  particles  of  slag  and  litharge,  was 
ready  for  the  market 

Instead  of  refining  on  an  open  test,  the  operation  was  sometimes  eon- 
ducted  under  a  muffle  into  which  a  blast  was  admitted ;  the  refining  of 
Blicksilber  is  now  usually  conducted  either  on  a  movable  test,  like  that 
employed  in  the  English  process,  or  on  a  fixed  marl  bottom  in  a  rever- 
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beratory  furnace  without  a  blast.     From  16  to  22  cwta  of  crude  silver 
are  brought  up  to  996-998  thousandths  fine  in  twelve  hours. 

Treatment  of  Oxidized  Eefinery  Products. 

The  oxidized  products,  dross,  litharge  of  all  kinds,  and  saturated 
bottoms,  whose  total  weight  is  about  10  to  20  per  cent,  more  than  that  of 
the  lead  operated  upon,  are  either  revived,  t.a,  reduced  to  the  metallic 
state,  returned  to  the  ore-furnaces,  or  sold  as  oxide  of  lead,  according  to 
their  condition  of  purity  and  greater  or  less  richness  in  silver.  The 
earlier  products,  Abzug  and  Abstrich,  are,  like  the  analogous  dross  of  the 
calcining-fumace,  converted  into  hard  lead.  Litharge,  when  allowed  to 
cool  quickly  in  the  air,  collects  in  stalactitic  lumps  of  a  greenish  yellow 
colour,  which  are  compact  and  somewhat  tough ;  but  when  it  is  moulded 
into  large  blocks,  the  interior  portions,  which  remain  fluid  for  some  time 
after  the  outside  has  become  hardened,  are  converted  into  a  slightly 
coherent  mass  of  crystalline  scales  of  an  orange-red  colour.  This,  known 
as  red-flako-  or  market-litharge,  is  the  form  of  oxide  of  lead  generally 
used  in  chemical  and  other  manufactories,  and,  when  possible,  is  sold  as 
such,  as  its  pulverulent  form  renders  it  less  suitable  for  reduction  than 
the  harder  variety,  which  is  called  yellow-lump-  or  reviving-litharge. 

Beduoino. — The  reduction  to  tiie  metallic  state  of  litharge  from  the 
refinery,  the  pot-dross,  and  the  dross  from  the  calcining  pans,  is,  in  this 
country,  effected  in  a  reverberatory  furnace,  somewhat  resembling  in  form 
that  used  for  smelting ;  excepting  that  its  dimensions  are  smaller,  and 
that  the  sole,  instead  of  being  lower  beneath  the  middle  door  than  at  any 
other  part,  gradually  slopes  from  the  fire-bridge  to  the  flue  at  the  opposite 
extremity.  Here  there  is  a  depression  in  which  is  the  tap-hole;  this  con- 
stantly remains  partially  open,  and  from  it  the  reduced  metal  continually 
flows  into  a  small  iron  pot,  placed  on  the  side  of  the  furnace.  Under  this 
pot  a  fire  is  lighted,  and  the  lead  is  subsequently  laded  from  the  pot  into 
moulds. 

Before  being  thrown  into  the  furnace,  the  litharge  is  mixed  with  small 
coal,  and  is  then  charged  on  that  part  of  the  hearth  which  lies  before  the 
fire-bridge.  To  prevent  the  fused  oxide  from  attacking  the  bottom  of 
the  furnace,  and  also  to  afibrd  a  sort  of  hollow  filter  for  the  liquid  metal, 
the  workman,  before  charging  the  oxide  to  be  reduced,  covers  the  hearth 
with  a  layer,  about  2  inches  in  thickness,  of  bituminous  coaL  The  heat 
of  the  furnace  soon  causes  the  ignition  of  this  stratum,  and  it  quickly 
becomes  burnt  to  the  state  of  a  spongy  cinder,  upon  which  the  mixture 
of  litharge  and  carbonaceous  matter  is  charged.  The  small  coal  in  the 
charge  causes  the  reduction  of  the  litharge,  which,  assuming  the  metallic 
form,  flows  gradually  through  the  interstices  in  the  cinder,  and  falls  into 
the  depression  at  the  extremity  of  the  hearth ;  whence  it  gradually  flows 
through  an  iron  spout  into  the  external  pot  in  which  it  is  collected. 
The  surface  of  the  charge  is,  during  its  elaboration,  frequently  stirred 
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with  an  iron  rake,  for  the  double  purpose  of  exposing  new  surfaces  to  the 
action  of  the  furnace,  and  also  to  allow  the  reduced  lead  to  escape  more 
readily. 

Additional  quantities  of  the  material  operated  on,  mixed  with  coal, 
are  from  time  to  time  charged  into  the  furnace ;  at  the  termination  of 
the  shift,  which  commonly  extends  over  twelve  hours,  the  tap-hole  is 
opened,  and,  after  the  escape  of  the  whole  of  the  lead,  the  residual  lead- 
cinder  is  withdrawn.  A  new  floor  of  cinders  is  then  formed,  and  the 
operation  continued  as  before.  A  furnace  with  a  bottom  8  feet  in  length 
and  7  feet  in  width  will  reduce  5|  tons  of  lead  from  litharge  in  the 
course  of  twenty-four  hours.  About  3  cwts.  of  coal  are  required  for  the 
reduction  of  each  ton  of  litharge.  No  fresh  material  is  charged  for  a 
considerable  time  previous  to  the  termination  of  a  shift,  and  the  lead- 
cinder  then  withdrawn  is,  in  the  majority  of  cases,  smelted  in  the  skg- 
hearth  or  blast-furnace. 

In  Germany,  litharge-reviving  is  usually  done  with  coke  or  charcoal 
in  a  low  blast-furnace,  about  10  per  cent  of  slags  from  previous  reducing 
operations  or  from  ore-smelting  being  added,  and  sometimes  a  little  fluor- 
spar. In  Freiberg  the  8-tuyer  ore-smelting  furnaces  are  used,  and 
reduce  about  60  tons  of  litharge  daily,  with  an  expenditure  of  3  to  4 
tons  of  coke.  The  lead,  when  necessary,  is  softened  and  desilverized. 
The  rich  litharge  produced  in  the  final  stage  of  refining,  when  the  lead  is 
concentrated  to  2,000  ounces  of  silver  and  upwards,  is  separated  and 
treated  apart,  as  it  gives  lead  with  70  to  100  ounces  of  silver.  Saturated 
tests  are  reduced  with  fluorspar  flux  in  a  slag  hearth;  but  the  marl 
bottom  of  the  German  refinery  is  usually  returned  to  the  ore-smelting 
furnaces. 

Electrolytic  Lead-Befining, — Keith's  process  for  the  production  of 
pure  lead  by  electrolysis  has  been  for  some  years  in  use  in  New  YorL 
The  furnace-lead,  which  need  not  be  softened,  is  cast  into  thin  plates 
about  4  feet  long,  weighing  45  lbs.,  which  are  enclosed  in  muslin  bags 
and  made  the  anodes  in  an  ele^ctrolyzing  cell  containing  a  solution  of 
sulphate  of  lead  in  acetate  of  sodium ;  the  cathodes,  plates  of  pure  lead, 
are  placed  about  2  inches  from  the  anodes.  The  bath  is  heated  by 
steam  to  about  38*  0.,  and  the  current  of  a  Weston  dynamo,  making  1,500 
revolutions  per  minute,  is  passed  through  the  celL  The  anodes  are 
corroded  and  dissolved  with  an  equivalent  deposition  of  lead  on  the 
cathodes  in  a  loose  ciystalline  powder,  which  falls  to  the  bottom  of  the 
cell,  while  the  gold,  silver,  and  other  insoluble  matters  are  retained  in 
the  muslin  bags,  and  collected  for  further  treatment  when  only  2  or  3 
per  cent  of  the  lead  plate  remains  undissolved.  With  a  system  of 
forty-eight  decomposing  cells,  each  containing  50  anodes,  10  tons  of  ISO- 
ounce  silver  lead,  with  2  J  per  cent  of  antimony  and  arsenic,  are  refined 
daily  by  a  12-hor8e  power  steam-engine.  The  precipitated  lead  contains 
11  grains  of  silver  per  ton,  and  must  be  compacted  by  hydraulic  pressure 
before  it  can  be  melted. 
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Lkad  Fume. 

Lead  being  to  a  considerable  extent  volatile  at  high  temperatures,  a 
notable  loss  of  that  metal  is  experienced  during  the  various  operations  of 
smelting,  refining,  reducing,  &c ;  different  means  are  consequently  employed 
for  the  purpose  of  collecting  these  fumes  and  for  rendering  them  available 
as  a  source  of  lead.  The  most  efficacious  method  of  collecting  the  lead 
carried  off  in  the  state  of  fume  is  by  the  use  of  long  flues  of  considerable 
transverse  area.  Numerous  other  contrivances,  such  as  drawing  the  fumes 
through  water,  passing  them  through  condensing  chambers,  the  introduc- 
tion of  water  in  the  form  of  spray,  blowing  steam  into  the  flues,  &c.,  are 
sometimes  resorted  to,  with  more  or  less  satisfactory  results.  The  follow- 
ing are  the  respective  lengths  of  the  flue»  at  the  smelting-works  belonging 
to  Mr.  Beaumont,  as  furnished  by  Mr.  Sopwith  to  Dr.  Percy  :— 

Yards. 

At  Allen  Smelt  MiU    \Z,,^,/        [       ;    \% 

At  Allenheads  MUl 3,424 

At  Rookhope  MiU 2,548 

14,761 

The  total  length  of  the  above  flues  is  consequently  about  8}  miles ; 
their  transverse  area  is  not  uniform,  but  their  average  height  is  8  feet  and 
their  width  6  feet  In  one  year  as  much  as  800  tons  of  lead  have  been 
extracted  from  the  fumes  obtStined  from  these  flues.  At  Keld  Head  96 
tons  13  cwts.  of  lead  were  obtained  from  fume  resulting  from  the  produc- 
tion of  1,374  tons,  or  in  the  ratio  of  7 '03  per  cent.  At  Pontgibaud, 
where  the  flues  are  500  metres  in  length,  and  the  ores  are  smelted  in 
blast-furnaces,  3'67  per  cent,  of  the  lead  is  obtained  from  fume.  At  the 
.Wildbei^  Smelting  Works,  Germany,  where  the  flues  were  800  feet  in 
length,  and  smelting  was  conducted  in  the  Castilian  furnace,  1^  per  cent, 
of  the  assay  produce  of  lead  was  obtained  from  fume. 

At  Ems,  in  Kassau,  a  flue  of  varyij^ig  section  about  1850  yards,  or 
including  branches  2260  yards,  long  is  used.  The  wall  surface,  of  about 
180,000  square  feet,  is  increased  by  more  than  120  per  cent  by  thin 
sheet-iron  plates  hung  parallel  to  the  direction  of  the  current  on  the 
cooler  sections  near  the  chimney,  which  is  730  feet  above  the  furnaces. 
The  dust  collected  from  smelting  14,600  tons  of  ore  with  6,248  tons  of 
lead,  yielded  500  tons  of  the  metal,  or  about  8  per  cent  of  that  contained 
in  the  ore. 

The  lead  contained  in  fume,  to  a  large  extent,  exists  in  the  form  of 
sulphate,  and  is  recovered  by  roasting  and  smelting  it  either  alone  or  in 
admixture  with  lead  ores.  Fume-lead  is  considerably  poorer  in  silver 
than  that  derived  directly  from  the  ores  from  which  it  was  produced. 

The  following  are  the  results  obtained  by  a  series  of  assays  of  the 
lead-fume  at  Wildberg,  where  thd  average  assaj  for  silver  of  the  lead 

produced  was  about  21 J  ounces  per  ton : 

2  T 
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Samplkb  taken  from  thk  Top  op  Main  Flue  at  Dibtanceb  or  100  Fbkt  apast. 


Land. 

SUver. 

'  Percent 

Om.  Dwt  Or. 

No.    1,  near  bUwt-funmoe 

49 

2 

9      0 

,,      2,  near  reverberatory  furnace    . 

20 

8 

5      8 

„     8,  100  feet  in  advance  of  No.  2 

70 

3 

5      8 

M     4,  100        ,   „                 „          8 

44 

3 

5      8 

M     6,100           „                 „          4 

48 

2 

17      0 

,.     8.100           „                 „          5 

47 

3 

5      8 

..     7.100           „                 „          6 

46 

8 

5      8 

„     8.  100           „                „          7 

40 

2 

1       5 

„     9,100           ..                 „          8 

42 

8 

5      8 

.^  .  ( top  of  chamber  at  throat ) 
"   ^^'    }      of  refinery         ,        .    } 

49 

22 

17      8 

Samples  taken  prom  Bottom  op  Main  Flue  at  Distanobb  op  100  Feet  apabt. 


Lead. 

«Wer. 

Per  Cent 

0& 

Dwt. 

Or. 

No.    1,  near  blast-furnace 

53 

2 

0 

„      2,  near  reverberatory  furnace   . 

2 

0 

„     3,  100  feet  in  advance  of  Na  2 

8 

8 

„     4,100           „                 „          8 

2 

0 

M     B.  100           „                 „          4 

2 

17 

0 

.,      6,100           „                 „          5 

2 

5 

.,     7.  100           „                 „          6 

8 

5 

,,8.100           „                 „          7 

58 

1 

12 

5 

„      9.  100           „                 „          8 

62 

2 

17 

0 

,  f.        bottom  of  chamber  at  foot ) 
•"   *"•    1      of  chimney         .        .    \ 

66 

3 

8 

In  the  same  way  that,  from  the  greater  volatility  of  lead,  the  metal 
bhtained  from  fume  contains  a  less  proportion  of  silver  than  that  directlv 
extracted  from  the  ore,  so  also,  on  account  of  the  greater  ozidizahility  of 
lead,  that  obtained  from  slags  is  Ksss  argentiferous  than  that  reduced  from 
the  corresponding  ores. 


SILVEB. 

Silver  is  a  white  metal,  capable  of  receiving  a  lustre  inferior  only  to 
that  of  polished  steel.  Its  malleability  and  ductility  are,  next  to  gold, 
greater  than  those  of  any  other  metal  Pure  silver  is  harder  than  gold 
and  softer  than  copper ;  its  specific  gravity  is  10*50 ;  when  pure  it  enters 
into  fusion  at  a  full  red  heat,  corresponding  to  about  1,023''  C.  Fused 
in  open  vessels  it  absorbs  oxygen  in  considerable  quantity,  sometimes 
amounting  to  22  times  the  volume  of  the  metal  itself.  On  becoming 
solid,  however,  the  whole  of  this  gas  is  again  expelled.     This  circumstance 
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is  probably,  to  some  extent,  the  cause  of  the  metallic  yegetation  which 
takes  place  on  the  surface  of  silver  when  suddenly  cooled  on  the  cupeL 
Heated  very  strongly  this  metal  gives  off  metallic  vapours,  and  between 
two  carbon  electrodes  in  connection  with  a  powerful  voltaic  battery  it 
is  volatilized.  By  fusing  a  large  quantity  of  silver,  and  afterwards 
allowing  it  to  cool  very  gradually,  cubical  and  octahedral  crystals  may 
be  obtained  on  piercing  the  solidified  crust  and  running  off  the  still- 
liquid  metal.  When  solutions  of  silver  are  decomposed  by  the  action  of 
feeble  electric  currents,  the  precipitated  metal  often  assumes  a  crystalline 
form.  Silver  does  not  absorb  oxygen  at  ordinary  temperatures,  but 
speedily  becomes  blackened  on  exposure  to  an  atmosphere  containing 
sulphuretted  hydrogen,  which  is  decomposed  by  it  with  great  facility. 

Heated  to  redness  in  contact  with  the  caustic  alkalies,  it  is  not  in  the 
least  affected,  and  for  this  reason  is  sometimes  employed  for  making 
crucibles,  to  be  used  when  attacking  substances  by  caustic  potash.  In 
the  presence,  however,  of  fused  alkaline  silicates,  silver  vessels  become 
acted  on  to  a  small  extent,  and  the  silicate  is  stained  of  a  light  yellow 
colour.  Oxide  of  silver  is  reduced  by  heat  alone,  and  a  globule  of  metal 
is  obtained* 

Unless  in  a  state  of  extreme  division,  silver  is  not  attacked  by  hydro- 
chloric acid,  and  even  then  it  requires  to  be  heated  to  the  temperature  of 
ebullition  before  decomposition  of  the  acid  is  effected.  By  dilute  sul- 
phuric acid  no  effect  is  produced,  but  strong  sulphuric  acid,  when  heated, 
is  readily  decomposed,  with  the  formation  of  sulphate  of  silver  and  the 
evolution  of  sulphurous  anhydride.  Nitric  acid  readily  attacks  silver, 
even  at  ordinary  temperatures ;  nitric  oxide  is  evolved,  and  nitrate  of 
silver  is  produced.  By  chlorine,  iodine,  and  bromine,  silver  is  attacked, 
even  in  the  cold. 

Silver  Ores. 

Silver  occurs  not  only  in  the  native  state,  and  alloyed  with  various 
other  metals,  but  also  mineralized  by  such  elements  as  sulphur,  selenium, 
chlorine,  bromine,  and  iodine. 

Nativb  Silver  ;  Argent  natif;  Gediegen  SUher.  Cubic. — Native 
silver  is  found  accompanying  almost  all  the  ores  of.  this,  metal,  and  more 
particularly  its  sulphides,  sulpho-salts,  and  chloride.  It  occurs  either  in 
distinct  crystals  or  in  divergent  branches,  of  which  the  extremities  are 
often  composed  of  minute  crystals,  similar  to  those  frequently  observed 
in  specimens  of  native  copper. 

It  also  occurs  in  amorphous  masses,  in  long  filamentary  strings  (hair- 
or  wire-silver),  and  in  the  shape  of  compressed  plates.  One  of  the  largest 
masses  of  metallic  silver  ever  obtained  in  Europe  was  procured  from  the 
mines  of  Eongsbeig,  in  Norway ;  this  specimen,  which  is  preserved  in 
the  Museum  of  Copenhagen,  weighs  about  500  lbs.  Others  of  still 
larger  size  have  been  cited  as  coming  from  the  same  locality.     Crystals 
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of  native  silver  are  seldom  veiy  distinctlj  defined,  as  they  do  not'  usiially 
occur  in  an  isolated  state,  and  are  generally  more  or  less  distorted.  The 
cube,  the  octahedron,  and  the  dodecahedron,  are  among  the  forms  which 
it  most  commonly  assumes.  Native  silver  is  often  found  disseminated 
through  ferruginous  veinstones  or  '^  gozzans,"  as  at  Huelgoet,  in  Brittany, 
and  in  the  mines  of  Chili,  Peru,  and  Mexico,  where  such  ores  receive  the 
names  of  **  pacos^'  and  "coloradoa"  Native  silver  is  also  found  in  the 
Harz,  Saxony,  Hungary,  and  Dauphiny ;  large  quantities  are  afforded  by 
the  mines  of  Peru  and  Mexico ;  and  in  the  United  States  of  America 
beautiful  specimens  are  found  associated  with  the  copper  procured  from 
the  district  south  of  Lake  Superior.  Native  silver  is  usually  alloyed 
with  some  gold,  copper,  or  iron,  that  of  Xongbeig  contains  about  5  per 
cent,  of  mercury. 

Nativb  Ajialoam;  Argent  amalgame;  SUberamalgam,  Cubic. — 
This  mineral,  which  is  of  a  silver-white  colour  and  bright  metallic 
lustre,  occurs  both  in  distinct  crystals  and  amorphous;  it  also  no6 
unfrequently  assumes  the  form  of  thin  plates,  occupying  fissures  in  the 
veinstone. 

Its  specific  gravity  is  about  14;  when  heated  before  the  blowpipe, 
mercury  is  expelled,  and  a  fused  button  of  metallic  silver  remains.  The 
composition  of  this  amalgam  is,  according  to  Klaproth — 

Ag 86-00 

Hg 64-00 

100-00 

This  corresponds  with  the  formula  AgHg ;  another  variety,  with  74 
per  cent,  of  mercury,  is  Ag^Hg,.  This  ttiineral  is  found  in  many  localities, 
but  the  finest  specimens  have  been  procured  from  Moschellandoberg  in 
Rhenish  Bavaria. 

Kicher  amalgams,  called  Arquerite,  form  one  of  the  sources  of  silver 
in  the  rich  mines  of  Arqueros,  in  the  province  of  Coquimbo,  Chill 
From  their  malleability  and  general  appearance,  they  were  long  thought 
to  be  metallic  silver.  According  to  the  analysis  of  Domeyko,  of  the 
Mining  School,  Coquimbo,  they  consist  of— .- 

Ag .     86-50  65-4 

Hg 13-50  84-6 


10000  100-0 

which  correspond  to  Ag^^Hg  and  Ag^Hg,. 

Aroentitb;  Sulphide  of  Silver;  Argent  stUfure;  SUherglanz; 
Glaserz,  Cubic. — Occurs  massive,  and  crystallized  in  cubes  and  dode- 
cahedra.  Its  colour  is  a  blackish  lead-grey,  with  a  shining  streak  of  the 
same  colour.  The  fracture  of  the  massive  varieties  is  slightly  conchoidaL 
It  is  fusible  even  in  the  flame  of  an  ordinary  candle,  and  before  the 
Uowpipe,  on  charcoal,  gives  off  sulphurous  vapours,  and  yields  a  button 
of  silver,    l?Jhis  is  at  the  same  time  one  of  the  richest  and  most  abundant 
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ores  of  silver,  and  famishes  a  large  proportion  of  that  annually  produced 
by  various  foreign  minea  It  occurs  in  those  of  Saxony,  Bohemia,  and 
Hungary,  and  is  particularly  abundant  in  the  mines  of  Guanaxuato  and 
Zacatecas,  Mexicq.  It  occurs  abundantly  with  stephanite,  native  gold, 
&C.9  in  the  Comstock  lode,  Kevada. 

The  composition  of  argentite  is,  silver  87  and  sulphur  IS  per  cent., 
corresponding  to  AgS* 

Stbfhanite  ;  Brittle  Silver  Ore  ;  Psaturose  ;  Sprodglaaerz.  Bliombic. 
— This  mineral  is  of  an  iron-grey  colour,  inclining  to  black,  with  metallic 
lustre  and  unequal  conchoidal  fracture.  It  has  a  specific  gravity  of  6*2, 
is  extremely  brittle,  and  when  broken  yields  a  black  powder. 

Before  the  blowpipe,  on  charcoal,  it  affords  a  button  of  silver,  after 
having  given  off  sulphurous  and  antimonious  fumes,  in  which  the  peculiar 
odour  of  arsenic  may  often  be  detected.  When  crystallized,  it  is  usually 
found  in  small,  flat,  six-sided  prisms. 

This  mineral,  which  occurs  with  other  silver  ores  at  Freiberg,  Schnee- 
beig,  and  Johanngeorgenstadt,  as  well  as  in  the  mines  of  Bohemia  and 
Hungary,  and  in  those  of  Chili,  Peru,  Mexico,  and  Nevada,  has,  accord- 
ing to  analyses  of  Bose  and  Kerl,  the  following  composition  : — 


Bj  Korl. 

From  Sohemnita. 
By  H.  Roue. 

A^         .        .        .        . 

Cu 

Fe.        . 

Sb  and  As      .        .        . 

S    .        .        .        .        . 

68-38 

0-14 
15-79 
16-61 

68-54 
0-64 

14-68 
16-42 

100-82 

100-28 

Formula  AgjSbS*,  or  6Ag^.Sb,S,. 

Poltbasitb;  Polyhasite;  JStigenglam.  Ehombic. — Crystals  usually 
short  tabular  prisms,  with  triangularly  striated  base,  parallel  to  alter- 
nate, edges ;  cleavage  basal,  imperfect  Also  massive  and  disseminated. 
Colour,  iron-black,  excepting  when  in  thin  crystals,  which  appear  cherry- 
red  by  transmitted  light ;  streak  black.     Specific  gravity,  6*21. 

Heated  in  an  open  tube  it  fuses,  giving  off  sulphurous  and  antimonious 
fames ;  on  charcoal,  before  the  blowpipe,  fuses  into  a  globule  with  evolu- 
tion of  sulphur,  and  sometimes  arsenic,  coating  the  support  with  an  anti- 
monious deposit  It  occurs  in  the  mines  of  Guanaxuato  and  Guadalupe-y- 
Calvo,  in  Mexico ;  in  Chili ;  at  Freiberg ;  and  at  Przibram,  &c  Also 
in  Nevada,  Idaho,  and  various  other  localities  in  the  United  States. 

Two  specimens  of  this  mineral,  analysed  by  H.  Bose,  afforded  the 
following  results : — 
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From  Mexico. 

IVoin  Bcbemnits. 

Ag         .... 

64-29 

72-48 

Sb. 

6-09 

0  26 

Ab. 

8-74 

6-28 

Cu 

9-98 

8-04 

Fe. 

0-06 

0-83 

Zn. 

,  , 

0*69 

S    . 

17  04 

16-88 

100-16 

99-70 

The  second  is  approximately  SAgsS.CusS.AsjS^ 

Dark-Rbd  Ruby  Silvbr  Orb;  Ptrarotbitb;  Argent  rouge  arUi- 
monial;  DuvMegrothgiUtigerz,  BhombohediaL — Colour  black  to  cochi- 
neal-red; streak  red;  transparent  to  opaque;  fracture  conchoidaL  Specific 
gravity  5 -7-5  9. 

Lioht-Bbd  Bust  Silver  Orb  ;  Proustite;  'Argent  rouge  arsenical; 
LichteerothgiUtigerz.  Rhombohedral  and  generally  similar  to  Pyrargy- 
rite^  but  of  a  lighter  red  colour  and  adamantine  lustre. 

These  minerals  are  analogous  in  constitution,  and  of  the  following 
composition : — 


^2«^' 

Ajr,A«s,.  \ 

Ag 

Sb 

As 

S 

69-78 
22-51 

17-71 

6646     , 

16-16 
19-81 

100 

100 

Fused  with  sodium  carbonate  on  charcoal,  before  the  blow-pipe, 
either  mineral  affords  a  globule  of  silver. 

Buby  silver  ores  occur  with.caldte,  native  arsenic,  and  galena  at 
Andreasberg,  in  the  Harz;  also  in  Hungary,  Saxony,  Norway,  at 
Guadalcanal  in  Spain,  &c.,  and  are  abundant  in  Mexico.  Beautiful 
crystals  of  Proustite  have  been  obtained  in  Chili  from  mines  near 
Copiapo,  and  it  also  occurs  in  the  Austin  district,  State  of  Nevada ;  in 
the  Poor  Man  lode,  Idaho,  it  has  been  found  in  masses  weighing  several 
pounda 

Freiedebenite  or  Sehil/gUuerz  (AgjPbjSbaSg),  containing  22*5  per  cent 
of  silver,  which  occurs  as  a  rarity  in  Saxony  and  Bohemia,  has  been 
obtained  in  large  quantity  at  Hiendelaencina  in  Spain. 
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StromeyeriU  and  Jalpatte  are  isomorphous  mixtures  in  various  pro- 
portions of  Cu^S  and  AgjS,  containing  from  3  to  70  per  cent,  of  silyer. 
The  first  is  rhombic  and  the  second  cubic  in  crystalline  form.  They  are 
of  some  importance  as  ores  in  Arizona,  and  Northern  Mexico. 

TetrahedriUy  especially  in  the  purely  antimonial  varieties,  found 
principally  in  the  Harz,  the  Isle  of  Man,  ComwaD,  Tyrol,  Peru,  Chili, 
and  Bolivia,  contains  from  10  to  30  per  cent,  of  silver.  The  mixed 
varieties,  with  both  antimony  and  arsenic,  contain  less  silver,  and  the 
pure  arsenical  kinds,  none, 

Chloridb  op  Silvbr;  Csrarotxeotb  ;  Argent  com^ ;  SilberJiomerz, 
Cubic. — ^This  mineral  constitutes  one  of  the  richest  and  most  abundant 
ores  of  Chili  and  Peru,  where  it  is  frequently  associated  with  native 
silver,  apparently  resulting  from  its  decomposition.  It  also  occurs  in 
amorphous  fragments  in  connection  with  sulphide  of  silver,  but  still 
more  frequently  disseminated  in  the  ferruginous  ores  known  in  Peru 
under  the  name  of  paeos,  and  in  Mexico  ajs  eolorados.  The  chloride  of 
silver  of  HuelgocSt  is  of  this  description,  and  is  disseminated  through  iv 
cavernous  hydrated  iron  oxide,  and  sometimes  assumes  the  form  of  small 
octahedral  crystals,  the  largest  of  which  do  not  exceed  in  size  the  head  of 
an  ordinary  pin.  Very  large  masses  have  been  obtained  at  Leadville, 
Colorado. 

The  colour  of  this  mineral  is  white  or  yellowish-white,  which  becomes 
violet  by  exposure  to  light ;  massive  fragments,  when  broken,  present  a 
conchoidal  fracture,  the  edges  being  transparent  or  translucent  Chlo- 
ride of  silver  is  extremely  soft^  and  admits  of  being  cut  with  a  knife  or 
scratched  by  the  nail  It  is  fusible  before  the  flame  of  the  blow-pipe, 
and,  when  supported  on  a  piece  of  charcoal,  affords  a  pearl-like  button, 
which,  by  continued  exposure  to  the  reducing  flame,  yields  a  globule  of 
silver.  On  being  moistened  with  water,  and  rubbed  with  a  piece  of 
metallic  zinc,  its  surface  becomes  covered  with  a  film  of  reduced  silver. 
Chloride  of  silver,  when  pure,  consists  of  silver  75*3,  chlorine  24*7 ;  and 
its  composition  is  therefore  represented  by  the  formula  AgCL  Sp. 
gr.  =  4-45. 

Emholite^  or  chloro>bromide  of  silver,  very  commonly  occurs  in  asso- 
ciation with  the  preceding  mineral  in  Mexico,  Chili,  and  Colorado.  It 
is  usually  in  crystalline  grains  and  small  masses  of  a  greenish  colour. 
The  composition  is  not  well  defined,  as  bromine  and  chlorine  replace 
each  other  in  every  proportion.  It  is  doubtful  whether  pure  bromide  of 
silver  occurs  in  nature. 

Iodide  ofmlver  (Agl)  has  been  found  in  Chili  and  Mexico. 

Several  combinations  of  silver  with  selenium  and  tellurium,  as  well 
as  alloys  with  bismuth  and  antimony,  are  found  in  nature,  but  only  as 
mineralogical  rarities;  and  the  preceding  list  includes  all  the  more 
important  minerals  containing  silver  as  a  principal  constituent  These, 
also  known  as  precious  or  noble  silver  ores,  are  only  exceptionally  found 
in  large  masses,  the  ores  of  even  the  richest  silver  mines  consisting  as  a 
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rule  of  intimate  mixtures  of  such  precious  minerals  with  quartz,  calcite, 
i)arytes,  and  other  earthy  minerals,  iron-  copper-  and  arsenical-pyrites^ 
nickel  and  cohalt  ores,  zinc-hlende,  galena,  and  their  oxidation  products, 
which  cannot  he  suhjected  to  any  dressing  process  without  great  loss,  so 
that  the  classification  of  the  ore  is  mainly  done  hy  hand  picking.  A 
small  proportion  of  very  rich  mineral  with  400  to  2,000  ounces  ^r 
more  of  silver  per  ton  may  thus  he  ohtained,  hut  the  hulk  of  workable 
ores  contains  veiy  much  less,  and  may  prohahly  he  taken  as  ranging 
from  ahout  20  up  to  200  ounces  per  ton,  the  lower  profitable  limit 
varying,  of  course,  with  the  facilities  for  treatment  and  other  local 
circumstances. 

Dry  cre8^  or  those  consisting  essentially  of  quartz  and  rich  silver 
minerals,  are  also  known  as  milling  ores,  t.e„  suitable  for  reduction  in 
amalgamating  mills,  while  those  containing  sulphides  of  lead  or  copper  in 
quantity  are  smelting  ores. 

Free  milling  ores  are  dry  ores  without  sulphur,  arsenic,  or  antimony. 
When  these  substances  are  present  they  are  refractory  ores,  which  should 
be  roasted  before  amalgamation. 

Refractory  smelting  ores  are  those  containing  antimony,  arsenic,  and 
more  particularly  zinc-blende.  The  latter  mineral  is  extremely  prejudicial 
to  the  silver  smelter,  and  special  reductions  are  sometimes  made  on  the  price 
of  ores  when  the  proportion  of  zinc  exceeds  15  to  20  per  cent 

Distribution  op  Silver  Orbs. 

The  rocks  enclosing  silver  ores  differ  very  widely  both  in  age  and 
composition.  Silver  ores  often  occur  in  lodes  endosed  in  the  older 
crystalline  and  metamorphic  rocks,  and  many  of  these  have  been  worked 
to  great  depths  without  permanent  change  in  character  or  apparent 
diminution  of  productiveness.  Some  of  the  veins  of  Norway  and  Saxony- 
are  remarkable  examples  of  this  mode  of  occurrence.  In  South  America 
a  large  proportion  of  the  silver  is  obtained  from  veins  in  calcareous 
rocks.  The  silver-bearing  strata  of  Peru  and  Bolivia  are  believed  to  be 
of  Carboniferous  age ;  whilst  the  rocks,  in  which  the  famous  silver  mines 
of  Chanarcillo  and  Trespuntas,  in  Chili,  are  worked,  are  said  to  be 
Lower  Cretaceous.  Those  enclosing  the  celebrated  Comstock  vein  at 
Virginia  City,  in  the  State  of  I^evada,  are  eruptive,  belonging,  according 
to  Bichthofen,  to  the  latter  part  of  the  Tertiary  and  beginning  of  the 
Post-Tertiary  perioda 

Nearly  the  whole  of  the  silver  obtained  in  the  United  Kingdom  is 
extracted  from  argentiferous  lead  ores  by  processes  which  have  been 
described  when  treating  of  the  metallurgy  of  lead ;  the  amount  thus 
annually  produced  is  now  only  about  28,000  lbs.  troy. 

The  celebrated  Kongsberg  mines,  in  Norway,  were  discovered  in 
1623,  and  have  been  wqi^ked  with  but  little  interruption  up  to  the  present 
time;  their  yield  of  silver  in  1879  was  10,500  Ilk,  but  they  were  for^ 
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merlj  much  more  productive.  Sweden  also  produces  a  small  amount  of 
this  metal  from  :the  mines  of  Sala,  in  Westmanland. 

Austria-Hungary  annually  produces  about  68,000  lbs.  troy  of  silver, 
while  Saxony  yields  161,326  lbs.,  of  which  amount  Freiberg  alone  affords 
157,600  lbs.  The  annual  yield  of  the  Upper  and  Lower  Harz  is  about 
127,500  lbs.  The  production  of  silver  at  Mansfeld  in  1884  was  198,303 
Iba,  and  the  total  production  of  the  German  Empire  during  the  same 
year  was  660,524  lbs.  troy. 

The  annual  production  of  Russia  is  estimated  at  27,000  lbs.  troy. 
In  France  there  are,  at  the  present  time,  no  mines  in  operation  on  what 
can  be  r^arded  as  silver  veins,  although  those  of  La  Gardette  and 
Chalanches,  in  the  department  of  Is^re,  were  formerly  worked  for  silver 
ore.  Huelgoet^  in  Brittany,  although  strictly  speaking  a  mine  of  argenti- 
ferous galena,  yielded  an  ochreous  clay  containing  about  30  ounces  of 
silver,  in  the  form  of  chloride,  per  ton  of  ore.  The  mines  of  Pontgibaud, 
Puy-de-Ddme,  produce  argentiferous  galena,  very  rich  in  silver,  which  is 
extracted  by  smelting  in  low  blast-furnaces.  The  yearly  production  of 
silver  in  France  is  estimated  at  16,000  lbs.  The  annua]  yield  of  Italy, 
chiefly  from  the  ores  of  Sardinia,  is  about  70,000  lbs. 

In  Spain  silver  mines  were  formerly  worked  in  mica-slate  at 
Guadalcanal  and  Cazalla,  north  of  Seville,  and  were,  at  one  time,  very 
productive.  Antimonial  lead  ores  rich  in  silver  are  found  in  the  Sierra 
Almagrera,  near  Almeria.  For  some  years  the  most  important  silver 
mines  of  Spain  were  those  of  Hiendelaencina,  in  the  province  of 
Guadalajara,  seventy  miles  north  of  Madrid  They  were  discovered  in 
1843  by  a  native  of  the  district,  who  had  worked  in  the  mines  of 
Mexico.  This  man,  on  his  return  to  his  native  village,  remarked  the 
resemblance  which  a  laige  stone  on  the  roadside  bore  to  some  of  the 
silver  ores  he  had  seen  in  the  mines  of  the  New  World.  On  being 
analysed  it  was  found  to  be  a  rich  ore  of  silver,  and  the  stone  proved  to 
be  the  out-crop  of  a  regular  vein.  The  ore  at  Hiendelaencina  is  chiefly 
freieslebenite.  The  production  of  these  mines  from  1846,  when  they 
were  first  worked,  up  to  June  1866,  amounted  to  631,544  lbs.  troy, 
but  their  returns  since  the  year  1858  have  been  very  smalL  The  pre- 
sent annual  silver  production  of  Spain,  including  that  extracted  from 
pyrites,  but  which  is  mostly  obtained  from  lead,  is  estimated  at  about 
250,000  lbs.  troy. 

Formerly  the  most  important  mines  of  North  America  were  those  of 
Mexico.  But  of  late  years  enormous  amounts  of  silver  bullion  have  been 
produced  in  the  United  States. 

At  the  date  of  the  publication  of  Humboldt's  'Essai  Politique' 
(1825),  the  mining  districts  of  Mexico,  arranged  in  accordance  with 
the  importance  of  their  several  yields,  followed  each  other  in  the  sub- 
joined order; — 
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It  is  stated,  by  the  same  author,  that  the  silver  extracted  from  the 
mines  of  Mexico,  from  1st  January  1785  to  31st  December  1789, 
amounted  to  7,314,344  lbs.  troy.  The  "War  of  Independence  caused  a 
great  falling-off  in  the  annual  production  of  the  precious  metal,  which 
between  the  years  1810  and  1845  probably  did  not  average  more  than 
800,090  lbs.  of  silver  and  a  little  over  400  lbs.  of  gold.  Since  1850, 
however,  the  mines  of  Mexico  have  partially  regained  their  ancient  pro- 
sperity, and  their  ptesent  annual  produce  of  silver  may  be  estimated  at 
1,000,000  lbs.  This  is  mainly  derived  from  localities  in  the  central 
provinces,  as  given  in  the  above  list^  but  the  northern  mines  in  Sonora 
and  Chihuahua  are  rising  in  importance. 

Although  the  discovery  of  silver  in  the  State  of  Nevada  only  dates 
from  the  year  1859,  its  extraordinary  production  for  more  than  twenty 
years  rendered  its  mines  more  famous  than  those  of  countries  in  which 
silver  mining  has  been  carried  on  for  ages.  .  The  mines  on  the  great 
Comstock  vein  in  the  vicinity  of  Virginia  City  have  been  very  extensively 
worked,  and  up  to  the  end  of  June  1880  produced  bullion  to  the  value 
of  £63,000,000,  of  which  value  £28,000,000  was  represented  by  gold. 
In  addition  to  those  on  the  Comstock  vein,  which  now  appears  to  be 
nearly  exhausted,  there  are  silver  mines  in  the  Austin  district,  at  White 
Pine,  and  in  other  portions  of  the  State.  The  ores  found' on  the  Com- 
stock chiefly  consist  of  argentite  and  stephanite,  whilst  many  of  tlie 
mines  in  the  neighbourhood  of  Austin  yield  dark-red  silver  ore.  At 
White  Pine  the  ores  were  chiefly  chlorides.  Idaho  has  afforded  massive 
pyrargyrite.  The  other  most  important  silver-producing  States  are 
Colorado,  Utah,  Montana,  Arizona,  California,  and  New  Mexica 

Native  silver  is  also  found  associated  with  the  native  copper  of  Lake 
Superior.  The  annual  production  of  silver  in  the  United  States  and 
Territories  is  now  not  less  than  2,650,000  lbs.  troy. 

A  small  mine,  producing  very  rich  ores  like  those  of  Kongsbeig,  was 
worked  for  several  years  at  Silver  Islet,  Lake  Superior,  and  sulphide  of 
silver  has  latterly  been  found  in  some  quantity  at  Babbit  Mountain,  also 
on  the  Canadian  side  of  the  lake. 

Comparatively  little  is  known  of  the  geology  of  Central  America, 
excepting  that  the  predominant  rocks  are  granite,  gneiss,  and  mica-slate, 
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and  that  the  abundance  of  igneous  rocks  bears  witness  to  extensive 
volcanic  action.  Silver  is  found  in  various  parts  of  that  country,  and 
about  twenty-five  years  since  some  mines,  worked  by  an  English  com- 
pany, in  the  mountain  of  Alotepec,  afforded,  in  the  course  of  eight  years, 
53,000  Iba  of  silver. 

The  silver  mines  of  Peru,  Boliyia,  and  Chili  are  of  considerable 
importance.  At  the  mines  of  the  Cerro  de  Pasco,  in  Peru,  the  principal 
ores  worked  are  of  the  description  known  as  "  pacos,"  which  are  analo- 
gous to  the  GosBaiM  of  the  Cornish  miner.  These  argentiferous  gossans 
have  been  found  in  such  enormous  quantities  at  Pasco,  where  they  have 
been  worked  since  the  commencement  of  the  seventeenth  century,  that 
although  during  the  last  twenty  years  of  the  eighteenth  century  they  had 
produced  above  five  million  marks  of  silver,  but  few  of  the  workings  had 
penetrated  to  a  depth  of  a  hundred  feet  In  addition  to  the  Cerro  de  Pasco 
there  are  various  other  districts  in  Peru  which  have  produced  large  quan- 
tities of  silver.  The  total  annual  production  of  the  silver  nunes  in  Peru 
is  about  230,000  lbs.  troy. 

The  mining  district  of  Potosi,  which  was  once  included  in  the  vice- 
royalty  of  Buepos  Ayres,  now  forms  a  portion  of  Bolivia.  In  this  locality 
above  thirty  principal  veins,  besides  others  of  less  importance,  have  been 
worked,  and  have  at  various  times,  since  their  discovery  in  1545,  yielded 
almost  fabulous  amounts  of  silver.  Many  of  them  are  situated  in  a  moun- 
tain called  Hatun-potocsi^  the  summit  of  which  reaches  an  elevation  of 
16,000  feet  above  sea-level ;  the  ores  obtained,  from  the  period  of  their 
discovery  up  to  1571,  when  the  process  of  amalgamation  was  first  intro- 
duced, were  treated  exclusively  by  fusion.  The  period  of  the  greatest' 
productiveness  of  the  Potosi  mines  was  during  the  century  immediately 
following  their  discovery,  when  the  average  annual  amount  of  the  silver 
produced  was  about  600,000  Iba  troy.  Shortly  after  the  commencement 
of  the  seventeenth  century  their  yield  began  to  decline,  and  at  its  close,' 
only  amounted  to  an  annual  value  of  from  six  to  eight  hundred  thousand 
pounds.  Bich  deposits  of  silver  ore  have  also  been  discovered  in  the 
district  of  Caracoles,  now  ceded  to  ChilL  The  quantity  of  silver  ore 
exported  from  Antofagasta  and  Mejillones  de  Bolivia  (the  ports  of  Cara- 
coles) from  November*  1872  to  July  1873  was  10,115  tons,  containing 
about  300,000  lbs.  of  silver.  The  most  important  Bolivian  mine  is  at 
Huanchacha,  about  80  miles  S.W.  of  Potosi  on  the  Atlantic  slope  of  the 
Andes.  The  present  annual  yield  of  Bolivia  is  estimated  at  from  448,000 
to  460,000  Iba  troy. 

The  most  important  silver  mines  of  Chili  are  those  situated  in  the 
neighbourhood  of  Copiapo.  The  principal  workings  are  in  the  vicinities 
of  Ghafiarcillo  and  Trespuntas,  the  first  sixteen  leagues  south,  and  the 
second  thirty  to  the  north-east,  of  Copiapo.  In  Chili  the  development  of 
the  mineral  resources  of  the  country  has  been  of  more  recent  date  than 
in  the  other  South  American  States ;  but  its  comparatively  flourishing 
political  situation  has  enabled  workings  to  be  established  on  an  extensive 
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scale,  and  within  a  few  years  a  considerable  increase  has  taken  place  in 
the  amount  of  silver  produced*  Its  present  yield  is  estimated  at  about 
400,000  Iba 

The  Santa  Anna  mines  in  the  proTince  of  Mariquita,  New  Granada, 
were  formerly  of  some  importance^  producing  from  11,000  to  12,000  lbs. 
of  silver  annually. 

It  is  estimated  that  the  total  annual  production  of  the  known  silver- 
producing  countries  of  the  world  b  now  about  7,650,000  lbs.  troy. 

AssAt  OF  Silver  Ores. 

By  Fusion  with  Litharge,  &o. — ^In  assaying  silver  ores,  the  object 
sought  is  to  obtain  the  silver  in  the  form  of  an  alloy  with  lead,  which 
is  i^terwards  passed  to  the  muffle  and  cupelled  in  the  manner  described 
when  treating  of  the  method  of  assaying  lead  ores  containing  silver. 

Argentiferous  minerals  containing  copper  may  be  assayed  either  by 
scorification,  or  by  fusion  with  oxide  of  lead,  as  if  silver  alone  were  pre- 
sent, since  the  resulting  button  of  alloy  admits  of  being  cupelled  with  s 
proper  addition  of  metallic  lead.  The  roasting  of  such  ores,  when 
necessary,  should  be  effected  at  as  low  a  heat  as  possible,  as,  from  their 
great  fusibility,  they  would  otherwise  be  liable  to  agglutinate,  by  which 
the  complete  expulsion  of  sulphur  would  be  rendered  difficult. 

Ores  of  silver  in  which  the  metals  (after  roasting  or  otherwise)  exist 
in  the  form  of  oxides  are  commonly  fused  with  a  mixture  of  lithaige,  or 
red  lead,  and  finely  powdered  charcoal,  by  which  an  alloy  with  lead  is 
obtained,  which  is  subsequently  subjected  to  cupeUation.  The  proportion 
of  litharge  employed  for  this  purpose  must  be  varied  according  to  circum- 
stances, as  the  resulting  button  of  alloy  should  neither  be  too  rich,  since  in 
that  case  a  portion  of  the  silver  might  be  lost  in  the  slag,  nor  too  poor,  as  the 
cupeUation  would  then  occupy  a  long  time,  and  undue  loss  of  silver  through 
sublimation  and  absorption  by  the  cupel  would  be  entailed.  In  ordinary 
cases,  if  400  grains  of  ore  be  the  quantity  operated  on,  a  button  of  200 
grains  will  be  a  convenient  amount  for  cupeUation ;  and  this  may  be 
obtained  by  the  addition  of  500  grains  of  litharge,  and  from  12  to  15 
grains  of  finely  powdered  charcoal  or  lamp-black.  The  whole  is  to  be 
weU  mixed  with  200  grains  of  sodium  carbonate,  on  a  sheet  of  glazed 
paper,  and  afterwards  introduced  into  an  earthen  crucible,  of  which  it 
should  not  fill  more  than  three-fifths  the  capacity.  This  is  covered  with 
a  thin  layer  of  borax,  and  fused  in  an  ordinary  assay-furnace,  care  ^ing 
taken  to  withdraw  it  from  the  fire  as  soon  as  a  Uquid  and  perfectly 
homogenous  slag  has  been  obtained,  since  the  unreduced  litharge  would 
otherwise  be  liable  to  cut  through  the  pot  and  thus  spoil  the  results. 
When  it  has  sufficiently  cooled,  the  crucible  is  broken,  and  the  button  of 
alloy  obtained  passed  to  the  cupel.^  In  this  and  all  similar  cases  it  is 
necessary  to  ascertain  by  previous  experiment  the  amount  of  silver  oon- 
^  Instead  of  brealdog  the  oruoible  iif  contents  may  be  poured  into  a  cast-iron  mould. 
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tained  in  the  lead  resulting  from  the  rediiction  of  a  given  weight  of  the 
litharge  employed,  in  order  to  be  possessed  of  data  from  which  to  make 
the  requisite  deduction  from  the  result  obtained.  With  very  poor  litharge, 
however,  the  resulting  lead  contains  so  small  an  amount  of  silver,  that, 
for  many  commercial  purposes,  its  presence  may  be  neglected. 

When  other  minerals  than  oxides  or  carbonates  are  to  be  examined, 
the  addition  of  charcoal,  or  any  similar  reducing  agent,  becomes  in  some 
instances  unnecessary,  as  litharge  readily  attacks  the  sulphides,  &c,  and 
oxidizes  nearly  all  their  constituents,  with  the  exception  of  silver,  whilst 
a  proportionate  quantity  of  metallic  lead  is  reduced.  The  slags  formed 
in  this  way  contain  the  excess  of  litharge  added,  and  the  button  of  alloy 
produced  is  subjected  to  cupellation  in  the  usual  manner.  The  propor- 
tion of  oxide  of  lead  added  to  ores  of  this  description  must  vary  in  accord-^ 
ance  with  the  amount  of  oxidizable  substances  present.  It  should,  how- 
ever, in  all  cases  be  in  excess,  since,  if  the  slags  retain  any  undecomposed 
sulphide,  the  whole  of  the  silver  contained  in  the  ore  may  not  be  collected 
in  the  button  of  alloy  obtained. 

An  objection  to  this  method  of  assaying  is  to  be  found  in  the  large 
amounts  of  lead  produced  for  cupellation;  as  one  part  of  pure  iron 
pyrites  reduces  8|  times,  and  sulphide  of  antimony  or  grey  copper  ore 
from  6  to  7  times  its  weight  of  lead.  This  inconvenience  may  be 
obviated  by  effecting  the  partial  oxidation  of  the  mineral  either  by  roast- 
ing or  by  the  aid  of  nitre,  by  the  skilful  use  of  which  the  button  of  lead 
may  be  obtained  of  almost  any  required  weight. 

When  this  reagent  is  employed  in  excess,  it  determines  the  oxidation 
of  all  the  oxidizable  constituents  of  the  ore.  But  when,  on  the  con- 
trary, the  mixture  contains  a  large  amount  of  litharge,  and  nitre  has  not 
been  added  in  sufficient  quantity  to  decompose  the  whole  of  the  sulphides 
present,  reaction  takes  place  between  the  undecomposed  sulphides  and 
oxide  of  lead.  This  gives  rise  to  the  liberation  of  metallic  lead,  which, 
combining  with  the  silver,  affords  a  button  of  alloy,  from  which  the 
latter  metal  is  obtained  by  cupellation.  The  amount  of  nitre  employed 
for  this  purpose  will  depend  on  the  composition  of  the  ores  operated  on, 
but  it  should  be  borne  in  mind  that  2|  parts  of  potassium  nitmte  are 
sufficient  to  completely  oxidize  1  part  of  pure  iron  pyrites,  and  that  1^ 
and  I  their  respective  weights  are,  in  the  case  of  sulphide  of  antimony 
and  galena,  sufficient  to  produce  the  same  effect. 

SooBiFiCATiON.-^This  is  a  simple  and  convenient  process  for  assaying 
silver  ores,  as  well  as  some  gold  ore& 

It  consists  in  exposing  the  finely  ground  ore,  mixed  with  granulated 
lead,  and  placed  in  a  saucer-shaped  scorifier,  to  the  action  of  a  bright  red 
heat,  in  an  ordinary  assay  muffle. 

Part  of  the  lead  is  thus  converted  into  litharge,  and  this,  as  fast  as  it 
is  produced,  reacts  on  the  various  substance;|3  contained  in  the  ore,  form-' 
ing  with  them  a  clean  slag,  in  which  no  appreciable  amount  of  the  precious 
metals  is  met  with*     Practically,  the  whole  is  found  alloyed  with  the 
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lead  remaining  after  the  operation.  The  saucer-ehaped  vessels  or  soon- 
fiers,  employed  for  this  purpose,  should  be  of  close-grained  fire-elay  well 
baked.  It  is  important  that  they  should  be  compact  in  structure,  so  as 
to  resist  the  corrosive  action  of  fused  litharge.  They  should  also  be 
capable  of  bearing  sudden  changes  of  temperature  without  cracking. 

A  sufficient  number  of  these  scorifiers  having  been  selected  for  the 
assays  to  be  made,  100  grains  of  the  ore,  ground  to  a  fine  powder,  and 
carefully  dried  to  expel  moisture,  are  taken  and  intimately  mixed  with  a 
certain  quantity  of  granulated  lead,  and  a  small  proportion  of  pounded 
borax — ^both  being  previously  placed  in  the  scorifiers,  arranged  in  order 
on  the  assay  table.  The  proportion  of  lead  added  varies  in  accordance 
with  the  greater  or  less  refractory  nature  of  the  ore ;  namely,  from  five 
to  eight  times  the  weight  of  the  material  operated  on.  In  all  cases,  bow- 
ever,  it  is  advisable  to  add  an  excess  of  lead,  as  the  slags  are  thereby 
rendered  more  liquid. 

The  lead  used  should,  if  possible,  be  free  from  silver,  but^  in  many 
cases,  such  lead  cannot  be  obtained.  It  is  consequently  requisite  to  estimate 
beforehand  the  amount  of  silver  present  and  make  a  corresponding 
deduction  from  the  weights  of  the  buttons  afforded  by  assay. 

The  scorifiers  being  charged  with  a  due  proportion  of  ore,  lead,  and 
flux,  and  the  muffle  brought  to  a  full  red  heat,  they  are  removed  to  the 
furnace,  and  as  many  introduced  as  there  may  be  room  for  in  the  muffle. 
The  introduction  of  the  scorifiers  at  first  considerably  reduces  the  tempeia- 
ture  of  the  muffle,  and,. in  consequence,  {neces  of  charcoal  may,  with 
advantage,  be  placed  in  its  mouth  to  assist  in  again  raising  the  heat 
The  door  of  the  muffle  is  now  closed,  and  in  a  few  minutes  the  lead 
enters  into  fusion.  White  vapours  are  seen  rising  from  the  assay,  and 
th&  formation  of  litharge  rapidly  takes  place.  As  the  borax  melts,  and 
the  quantity  of  litharge  increases,  the  whole  mass  in  the  scorifier  softens. 
With  a  further  increase  of  temperature,  it  becomes  liquid,  and  the  lead 
collects  in  a  large  globule  in  the  centre.  When  the  assay  has  become 
thoroughly  heated,  which  generally  occurs  in  ten  or  fifteen  minutes  from 
the  commencement  of  the  operation,  the  door  of  the  muffle  is  removed, 
air  enters  in  greater  quantity,  and  oxidation  of  the  load  proceeds  more 
rapidly. 

As  litharge  accumulates,  the  slag,  formed  by  its  combination  with 
siliceous  and  other  matters  contained  in  the  ore,  is  increased  in  quantity, 
and  gradually  extends  itself  over  the  surface  of  the  lead.  The  mouth  of 
the  muffle  is  now  allowed  to  remain  open  for  ten  or  fifteen  minutes.  It 
is  thdn  closed,  and  the  temperature  raised  to  bright  redness  for  about  five 
minutes,  in  order  to  render  the  slags  as  liquid  as  possible  before  pouring, 
and  to  facilitate  the  union  of  any  disseminated  globules  of  alloy. 

The  scorifiers  are  now  withdrawn  from  the  muffle  by  proper  tongs,  and 
their  contents  rapidly  poured  into  suitable  moulds.  When  cold,  the 
buttons  of  lead  are  separated  from  the  adhering  slags  by  a  few  blows  with 
a  hammer.     The  lead  obtained  shQuld  be  soft  and  ductile.     If  it  be  at  all 
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brittle,  either  an  insufficient  quantity  has  been  used,  or  the  scorification 
has  not  been  carried  sufficiently  far  to  allow  of  complete  iluxing  of  the 
impurities.  When  the  operation  has  been  successfully  conducted,  the 
buttons  contain  practically  the  whole  of  the  precious  metals  present  in 
the  ore,  and  must  be  subsequently  treated  by  cupellation. 

It  is  essential  that  the  slags  should  be  uniformly  liquid  at  the  time  of 
pouring  from  the  scorifier.  If  they  be  hard  or  contain  pasty  lumps,  a 
portion  of  the  mineral  may  be  left  unacted  upon,  and  small  metallic  buttons 
may  be  enclosed  in  the  lumps,  or  remain  attached  to  the  sides  of  the 
scorifier.  If  the  slags  should  not  appear  perfectly  liquid,  when  a  suffi- 
ciently high  temperature  is  maintained  in  the  muffle,  and  the  other  con- 
ditions of  the  process  have  been  attended  to,  it  will  be  necessary  to  add 
more  borax.  In  some  cases  it  may  be  requisite  to  stir  the  slags  with  an 
iron  rod,  in  order  to  divide  the  lumps  which  have  been  formed,  and  to 
incorporate  them  with  the  more  liquid  slags. 

This  method  of  assay  is  applicable  to  all  kinds  of  argentiferous  and 
auriferous  ores,  without  exception,  w:hen  of  moderate  richness,  and  from 
its  convenience  and  the  short  time  required,  it  is  frequently  employed  in 
establishments  where  a  great  nuniber  of  assays  have  to  be  made  daily. 
When,  however,  poor  ores  have  to  be  examined,  fusion  in  a  crucible  with 
litharge  is  preferable,  since,  by  that  method,  a  greater  quantity  of  mineral 
can  be  operated  on,  and  consequently  more  accurate  results  obtained. 

Assay  op  Silver  Bcluon. 

FiBE  Assay. — The  assay  of  silver  bullion,  by  the  dry  way,  is  conducted 
as  follows  : — First,  a  fair  sample  of  the  alloy  to  be  operated  on  is  accurately 
weighed  in  a  delicate  balance ;  secondly,  this  weighed  portion  of  the  bar 
is  cupelled  with  lead ;  and,  thirdly,  the  button  of  silver  remaining  on  the 
cupel  is  weighed.  The  difference  between  the  two  weighings  will  repre- 
sent the  amount  of  impurity  which  has  been  removed.  The  furnace 
employed  for  this  purpose  may  either  be  of  fire-clay  bound  with  hoop- 
iron,  or  may  be  constructed  of  a  wrought-iron  shell  lined  with  fire-tiles, 
as  shown  in  figs.  175,  176 ;  in  either  case,  it  must  be  provided  with  an 
arrangement  for  easily  regulating  the  draught. 

In  order  to  save  trouble  in  computing  results,  special  weights  are 
generally  used  in  bullion  assaying.  The  largest,  being  the  quantity 
usually  taken  for  an  assay,  is  called  the  assay  pound ;  whil^  the  smaller 
ones  represent  troy  ounces,  pennyweights,  and  half-pennyweights,  the 
latter  being  the  lowest  denomination  to  which  silver  bullion  is  reported. 
Thus,  with  an  assay  pound  of  12  grains,  the  ounce,  dwt,  and  half  dwt, 
are  represented  by  1  grain,  0*05  grain,  and  0'025  grain  respectively. 
When  metrical  weights  are  used  with  assay  pieces  of  one  gramme,^  the 
weight  of  the  result  in  milligrammes  gives  the  millesimal  fineness,  or  the 

1  When  the  alloy  to  be  examined  if  over  800  fine,  1  gramme  is  generaUy  employed ; 
if  under  800,  half  a  gramme  only  is  taken. 
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proportion  of  silver,  in  one  thousand  parts  of  the  alloy,  without  farther 
calculation. 

In  England  the  basis  of  silver  bullion  valuation  is  sterling  or  standard 
silver,  as  used  for  coinage,  containing  11  ounces  2  dwts.  of  silver  and  18 
dwts.  of  alloy  in  the  troy  pound,  and  assays  are  reported  as  better  or 
worse  than  standard  in  dwts.  per  pound  according  to  the  excess  or 
deficiency  of  alloy.  The  corresponding  millesimal  fineness  is  925  silver 
and  75  aJloy,  and  therefore  75  -i-  18  =  4J  per  1000,  is  equivalent  to  1 
dwt  per  lb.  For  instance,  French  or  Ainerican  coin  of  900  silver  and 
100  alloy,  is  100  -  75  =  25  per  1000,  or  6  dwts.  "worse," and  bars  of  932 
fine  are  75  - 68  =  7  per  1000,  or  1 J  dwts.  " better"  than  standard  silver. 

In  sampling  an  assay  of  silver  bullion  the  first  step  to  be  taken  is  to 
flatten  out  the  cuttings  taken  from  the  several  bars.  The  edges  of  these 
are  removed  by  the  use  of  a  pair  of  shears,  and  from  each  are  prepared 
two  representative  assay  pounds,  which  are  carefully  put  aside  with  one* 
half  the  lead  necessary  for  effecting  their  cupellation. 

The  amount  of  lead  necessary  to  be  added  to  an  alloy  of  silver  and 
copper  varies  in  accordance  with  the  composition  of  the  mixture  to  be 
treated,  and  should  be  greater  in  proportion  as  the  quantity  of  copper 
becomes  more  considerable.  In  making  this  addition,  it  is  necessary  to 
bear  in  mind  that  the  lead  must  be  present  in  such  quantity  that  the 
litharge  formed  may  be  enabled  to  dissolve  the  other  oxides  produced, 
and  at  the  same  time  remain  sufficiently  liquid  to  be  absorbed  by  the 
cupel.  If  the  amount  added  be  insufficient^  the  litharge  formed  becomes 
pasty,  and  speedily  covers  the  surface,  while,  if  too  large  a  quantity  be 
employed,  the  assays  remain  a  long  time  in  the  muffle,  and  an  undue  loss 
of  silver  by  volatilization  is  experienced. 

English  standard  silver  requires  about  six  times  its  weight  of  lead  for 
cupellation.  The  affinity  exercised  by  silver  for  copper  renders  it  neces- 
sary, in  these  operations,  to  add  a  larger  amount  of  lead  than  would  be 
required  if  pure  copper  were  to  be  dealt  with. 

The  following  table  shows  the  amounts  of  lead  necessary  to  effect  the 
cupellation  of  various  mixtures  of  silver  and  copper: — 


. 

Qmrntlty  of  Lead 

Amount  of  SUK«r. 

Amount  of  Copper. 

required  for  One  Part 
of  the  Mixture. 

1000 

0 

1 

950 

50 

8 

900 

100 

7 

800 

200 

10 

700 

800 

12 

600 

.       400^ 

14 

500 

500K 

400 

.   600 

800 
200 

700 
800 

• 

161]  7 

100 

900 

Pure  copper 

loooj  • 
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The  lead  employed  should  be  as  free  as  possible  from  silver,  ^d  the 
amount  of  that  metal  thus  introduced  into  the  assay  must  be  deducted 
from  the  results  obtained.  The  duplicate  weighed  portions  of  the  several 
bars  of  bullion  to  be  assayed  must  be  wrapped  in  lead-foil,  and  arranged 
in  the  compartments  of  a  divided  tray,  having  nearly  the  dimensions 
of  the  bottom  of  the  muffle  in  which  the  cupellations  are  made,  so  that 
the  place  of  each  may  correspond  with  its  position  in  the  furnace. 

When  the  muffle  has  attained  a  uniform  bright  red  heat,  the  cupels 
are  introduced,  and  its  mouth  is  closed  for  a  short  time,  either  by  a  door 
of  fire-day  or  by  a  large  piece  of  charcoal,  when  the  temperature  of  the  fur- 
nace has  been  considerably  lowered  by  the  introduction  of  cold  cupels.  As 
soon  as  the  latter  are  raised  to  the  proper  bright-red  heat,  one-half  of  the 
lead  necessary  for  cupellation  is  introduced  by  the  aid  of  suitable  tongs; 
and,  when  it  has  become  fused,  the  assays,  wrapped  in  the  other  half  of 
the  lead  required,  are  dropped  into  each  cupel  in  the  order  in  which  they 
stand  in  the  divided  tray.  When  all  have  been  arranged  in  their  proper 
places,  the  assayer  closes  the  mouth  of  the  muffle  for  a  short  time,  and 
shortly  afterwards  opens  it  to  a  greater  or  less  degree,  for  the  purpose  of 
admitting  a  current  of  air,  by  which  the  starting  of  the  cupellations  is 
effected.  When  this  takes  place  the  metallic  bath  becomes  uncovered, 
with  the  exception  of  some  small  patches  of  fused  litharge,  which  move 
rapidly  from  the  centre  towards  the  edges  of  the  cupeL  As  soon  as  the 
working  is  thus  fairly  begun,  the  draught  must  be  adjusted  by  more  or 
less  completely  closing  the  various  openings  in  the  furnace  so  as  to  main- 
tain a  uniform  temperature  in  all  parts  of  the  muffle.  When  all  is  work- 
ing satisfactorily  but  little  fume  should  arise  from  the  assays,  and  the 
litharge  formed  must  be  absorbed  by  the  cupel  as  fast  as  it  is  produced. 
In  this  way  the  metallic  globiile  goes  on  steadily  diminishing  in  size 
iintil,  after  the  expiration  of  about  twenty  minutes,  the  lead  and  baser 
metals  have  become  oxidized  and  absorbed  by  the  cupel,  and  the  brighten- 
ing of  the  silver  takes  place. 

If  the  operation  has  been  properly  conducted,  the  "  going-off  "  of  the 
assays  will  commence  with  the  first  row,  and  successively  pass  back  from 
row  to  row  to  the  last.  If,  on  the  contrary,  the  working-off  takes  place 
irregularly,  or  commences  at  the  far  end  of  the  muffle,  it  is  an  indication 
that  the  draught  has  not  been  skilfully  regulated ;  and  in  such  cases  the 
results  obtained  are  usually  less  to  be  depended  on  than  if  the  brighten- 
ing of  the  buttons  had  taken  place  regularly  from  the  mouth  of  the 
muffle  towards  its  further  extremity.  The  several  assays,  as  soon  as  they 
hiave  gone  off,  are  drawn  to  the  mouth,  and,  after  being  allowed  to  cool 
slowly,  are  removed  into  a  divided  iron  tray,  in  the  order  in  which  they 
were  placed  during  the  operation. 

When  the  buttons  thus  obtained  are  round  on  the  top^  or  are  only 
slightly  depressed  in  the  centre,  and  can  be  easily  removed  from  the  cupels, 
it  is  an  evidence  of  iLe  operation  having  been  properly  conducted.  If,  on 
the  contrary,  they  adhere  firmly  to  the  cupels,  or  throw  out  projections  near 
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the  bottom,  they  are  not  perfectly  fin^  When  they  exhibit  a  flattened 
appearance,  it  is  an  indication  that  they  have  been  cupelled  with  an 
insufficient  amount  of  lead 

The  buttons,  if  hen  cleaned  in  the  manner  described  on  page  586,  are 
weighed  in  order  to  determine  the  diminution  of  weight  on  that  of  the 
assay  pieces.  The  difference  of  weight  does  not,  howeyer,  give  the  pro- 
portion of  alloy  directly,  as  there  are  always  small  losses  of  silyer  due  to 
volatilization  and  absorption  by  the  cupeL  These  are  determined  by 
placing  in  the  muffie,  with  each  batch  of  assays,  one  or  more  Tproofz  or 
check  assays  of  bullion  of  known  composition,  which  invariably  show 
some  loss  when  their  known  fineness  is  compared  with  that  apparent 
after  cupellation.  A  quantity  equal  to  this  loss  is  added  as  a  correction 
to  the  assays  made  at  the  same  time ;  as  it  is  assumed  that  they  will  be 
all  similarly  affected. 

Other  metals,  besides  lead  and  silver,  when  present,  usually  affocd 
indications  on  the  cupel  from  which  it  is  easy  to  judge  of  their  nature, 
and,  roughly,  also  of  the  amount  in  which  they  exist  in  the  bullion. 
Pure  lead  stains  the  cupel  of  a  straw-yellow  colour,  sometimes  verging 
on  orange.  Copper  gives  a  grey  or  dark-brown  tint^  according  to 
its  quantity.  Iron  produces  a  black  stain,  which  is  chiefly  formed 
shortly  after  the  commencement  of  the  operation,  and  gives  rise  to  a 
dark  ring  around  the  sides  of  the  cupel  Zinc  leaves  a  yellowish  stain, 
and  produces,  during  the  process  of  cupellation,  a  luminous  white 
flame  and  abundant  fumes  of  the  same  colour,  which  carry  off  with 
them  a  notable  amount  of  silver.  Tin  produces  a  grey  slag,  and  anti- 
mony leaves  spongy  yellow  scoriae,  which  cause  the  circumference  of 
the  cupel  to  effloresce  and  to  split  off.  The  two  last-named  metals 
render  the  cupellation  of  the  mixtures  in  which  they  exist  difficulty  and 
necessitate  the  employment  of  a  large  quantity  of  lead  in  order  to  carry 
off  the  infusible  oxides  formed.  When  assays  of  alloys  containing  silver 
have  to  be  made  by  cupellation,  it  will  be  found  convenient  to  keep  in 
the  laboratory  a  supply  of  lead-foil,  ready  weighed  out  into  pieces  of 
1  and  2  grammes,  whilst  poor  sheet-lead  is  kept  in  pieces  of  from  1  up 
to  6  grammes.  Instead  of  weighing  the  larger  pieces,  they  may  be  pre- 
pared with  sufficient  accuracy  by  casting  in  small  bullet-moulds.  By  this 
means,  the  amount  of  silver  in  the  lead  being  previously  known,  it  be- 
comes easy,  by  merely  counting  the  number  of  pieces  added,  to  know 
exactly  what  deduction  is  to  be  made  at  the  termination  of  the  cupella- 
tion for  the  silver  in  the  lead. 

YoLUHBTBic  AiSSAT. — On  account  of  the  difficulty  experienced  ia 
obtaining  perfectly  accurate  results  by  cupellation,  a  Commission  was 
appointed  by  the  French  Government  in  1829  for  the  purpose  of  examin* 
ing  the  different  processes  then  employed  in  the  Parisian  Mint  for  the 
assay  of  alloys  containing  gold  and  silver,  and  to  report  <m  any  modifica- 
tions it  might  be  thought  advantageous  to  introduce. 

.  Gay-Lussac^  who  was  one  of  the  Commissioners  to  whom  this  qoeation 
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was  submitted,  proposed  the  adoption  of  the  humid  method  of  assay  now 
generally  employed,  and  published,  in  the  name  of  the  Commission,  the 
details  of  the  yarious  necessary  operations. 

This  process  consists  in  determining  the  standard  of  the  alloy  examined 
by  means  of  a  solution  of  chloride  of  sodium,  of  which  the  strength  has 
beforehand  been  accurately  determined. 

The  solution  of  salt  employed  is  so  regulated  that  a  decilitre  is  capable 
of  exactly  precipitating  1  gramme  of  pure  silver.  To  determine  the  com- 
position of  an  alloy,  1  gramme  may  be  dissolved  in  5  or  6  grammes  of 
nitric  acid,  and  to  this  is  carefully  added  the  standard  solution  of  common 
salt  from  an  accurately  graduated  pipette  until  the  introduction  of  a  fresh 
quantity  ceases  to  be  accompanied  by  a  deposit  of  silver  chloride.  Towards 
the  end  of  the  experiment,  when  the  point  of  saturation  has  been  nearly 
arrived  at,  care  must  be  taken  to  well  shake  the  bottle  after  the  addition 
of  each  successive  drop  of  the  saline  solution,  as  by  this  means  the  liquor 
is  rendered  clear  through  the  precipitation  of  the  chlorine  formed.  When 
the  whole  of  the  silver  has  been  thus  thrown  down,  the  number  of  divi« 
sions  of  the  burette  which  have  been  employed  in  its  precipitation  are 
read  oif,  and  from  the  amount  of  chloride  of  sodium  used  the  percentage 
of  silver  present  is  calculated. 

When  an  accurate  assay  has  to  be  made  of  an  alloy  of  which  the 
composition  is  beforehand  approximately  known,  as  in  the  case  of  silver 
coin  or  silver  plate,  the  process  is  considerably  simplified,  and  at  the 
same  time  affords  results  of  the  most  exact  description.  For  this  purpose 
two  distinct  solutions  of  common  salt  are  employed ;  the  first^  or  standard 
soltdiofif  is  of  such  a  strength  that  one  decilitre  will  precipitate  1  gramme 
of  pure  silver ;  the  second,  called  the  decimal  Boluttorty  is  ten  times  weaker 
than  the  first,  and  consequently  contains  in  a  litie  of  solution  the  amount 
of  chloride  necessary  to  effect  the  precipitation  of  1  gramme  of  pure 
sUver. 

The  better  to  understand  this  process,  let  us  suppose  that  an  alloy 
intended  for  the  French  coinage  is  to  be  examined,  which,  in  order  to  be 
accepted,  should  contain  0*897  of  silver.  We  will  assume  that  the  alloy 
in  question  contains  only  0*896  of  silver,  and  consequently  that  1*116 
gramme  of  the  mixture  will  correspond  to  1  gramme  of  pure  silVer.^ 
This  quantity  of  the  alloy  is  cut  of^  and,  after  being  accurately  weighed, 
is  placed  in  a  bottle,  capable  of  being  closed  by  a  glass  stopper,  where  it 
is  dissolved  in  from  ^  to  6  grammes  of  pure  nitric  acid;  and,  as  soon  as 
the  solution  has  been  effected,  exactly  1  .decilitre  of  the  normal  solution 
of  salt  is  introduced. 

It  is  evident  that  if,  as  was  first  supposed,  the  alloy  really  contained 
0*896  of  silver,  the  whole  will  be  precipitated  by  the  quantity  of  solution 
added,  and  that  the  supernatant  liquor  will  contain  no  trace  of  chloride 
of  sodium  in  exoeiss.     I^  on  the  contrary,  the  proportion  of  silver  is 

1  When  the  amount  of  silver  preient  ii  not  known,  a  preliminary  asMT  it  firit  made 
by  «apellatioB,  Sn  order  ^  ascertain  the  approximate  fineness, . 
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greater  than  fhat  asBunied,  there  will  still  remain  a  portion  of  that  metal 
in  solution ;  whilst,  if  it  ha  less,  the  whole  will  have  heen  completely 
precipitated,  hut  the  liquor  will  contain  an  excess  of  sodium  chloride. 
To  ascertain  which  of  these  results  has  heen  produced,  the  bottle  is  now 
carefully  closed  with  its  glass  stopper,  and  briskly  shaken,  untQ  the  pre- 
cipitated chloride  has  subsided  and  the  solution  has  become  clear. 

When  this  point  has  been  attained,  one  c.a  of  the  decimal  solution  of 
common  salt,  capable  of  .precipitating  OOOl  gramme  of  silver,  is  intro- 
duced. If  any  silver  remain  in  solution,  the  liquor  now  becomes  cloudy, 
and  after  being  again  shaken,  another  c.c.  of  the  decimal  solution  is 
added.  If,  on  the  addition  of  this  second  cc.  of  the  solution,  the  liquor 
again  becomes  turbid,  it  is,  after  being  well  shaken,  allowed  to  clear,  and 
a  third  ac.  of  the  decimal  solution  poured  in,  and  so  on,  until  no  further 
turbidity  is  produced  on  the  addition  of  a  fresh  quantity  of  the  decimal 
solution.  If  we  suppose  that  five  cc.  of  the  decimal  solution,  successirely 
added,  have  produced  a  precipitate  in  the  liquor,  whilst  the  addition  of 
the  sixth  has  in  no  way  affected  its  transparency,  we  may  conclude  that 
after  the  precipitation  of  1  gramme  of  pure  silver  by  the  decilitre  of  the 
standard  solution,  the  liquor  still  contained  at  least  0-004  gramme  of 
silver.  From  the  circumstance  of  the  fifth  cc.  of  decimal  solution  having 
caused  a  turbidity,  while  the  sixth  produced  no  kind  of  effect  on  the 
solution,  it  is  also  evident  that  the  liquor  at  most  did  not  contain  more 
than  0  005  gramme  of  silver ;  and  therefore,  in  taking  it  at  4|  thousandths 
we  arrive  at  the  result  to  within  0-0005  of  the  truth.  The  propor- 
tion of  silver  in  the  alloy  examined  will  therefore  be     *  ^  =  900 

1*116 

thousandths.  When,  on  the  contrary,  a  cc.  of  the  decimal  solution  gives 
no  further  precipitate  in  the  solution  of  silver  which  has  already  received 
the  decilitre  of  the  standard  liquid,  it  is  evident  that  the  silver  in  the 
alloy  must  be  inferior  to  0*896,  and  consequently  the  mixture  is  below 
the  legal  standard.  If  in  this  case  its  exact  composition  be  required, 
xecourse  must  be  had  to  a  standard  solution  of  nitrate  of  silver,  called 
the  decimal  solution  of  silver ,  so  adjusted  that  one  litre  of  the  liquor  may 
contain  exactly  1  gramme  of  silver. 

To  use  this,  a  cc.  of  the  decimal  silver  solution  is  first  dropped  from 
a  pipette  into  the  bottle  containing  the  assay,  and  removes  the  chlorine 
contained  in  the  same  volume  of  the  decimal  solution  of  common  salt, 
which  was  added  for  the  purpose  of  ascertaining  whether  the  whole  of 
the  silver  had  :been  prcipitated.  The  liquor  is  now  brightened  by  agita- 
tion, and  another  cc  of  the  silver  solution  added.  If  a  turbidity  i« 
produced  the  bottle  is  again  shaken,  and  a  third  cc  of  the  solution  is 
i introduced  aifter  the  chloride  formed  has  been  completely  deposited 
'This  is  continued  until  an  addition  of  the  silver  solution  ceases  to  cause 
a  precipitate  in. the  solution. to  b6  assayed.  If,  in  this  case^  the  first  five 
,cc.  of  the  silver  solution  (without  counting  that  used  to  neutralize  the 
effect  of  the  cc  of  decimal  solution  of  common  salt^  first  added  to  ascer- 
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tain  if  any  silver  remained  in  solution  after  the  addition  of  the  decilitre 
of  standard  solution,  gave  rise  to  the  formation  of  a  precipitate,  and  on 
the  introduction  of  the  sixth  the  liquor  remained  perfectly  clear,  it  is 
probable  that  the  fifth  cc.  was  not  entirely  decomposed.  It  is  therefore^ 
customary  to  admit  that  4^  cc  of  the  silver  solution  have  been  suffi- 
cient to  effect  the  decomposition  of  the  excess  of  chloride  of  sodium 
remaining  in  the  liquid  after  the  introduction  of  the  decilitre  of  standard 
solution. 

It  is  consequently  evident  in  this  case,  that  it  will  be  necessary  to 
subtract  4|  thousandths,  and  that  the  correct  composition  will  be  ex-^ 

pressed  by  ^^^,^?"^*  =^  892  thousandths.1 
I'llo 

In  establishments  where  large  numbers  of  assays  of  silver  alloys 


Fig.  201. 


Fig.  202. 


are  made  daily,  the  apparatus  is  so  arranged  as  to  materially  facilitate 
the  performance  of  the  various  operations  above  described.  In  the  French 
Mint,  where  this  method  of  assaying  was  first  employed,  the  apparatus 
shown  in  figs.  201  and  202  has  been  adopted. 

The  standard  solution  of  common  salt  is  kept  in  a  large  vessel,  V, 

1  Ai  chloride  of  silver  is,  to  a  certain  extent,  soluble  even  in  weak  solutions  of 
■odiam  chloride,  it  is,  in  practice,  usual,  when  the  whole  of  the  stiver  has  been  pre- 
cipitated by  the  decilitre  of  normal  solution,  to  add  a  given  number  of  cubic  centi- 
metres of  the  decimal  silver  solution,  and  subsequently  to  estimate  the  amount  of 
silver  present,  in  solution,  by  the  use  of  the  decimal  solution  of  common  salt. 
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made  either  of  stoneware,  or  of  sheet  copper  tinned  on  the  inside.  This 
reservoir^  for  the  purpose  of  preventing  eyaporation,  is  covered  hy  an 
immovable  lid,  provided  with  a  tube,  a,  by  which  the  air  enten  the 
chamber  to  supply  the  place  of  any  portion  of  the  solution  that  may 
be  drawn  offl  This  vessel,  which  is  supported  on  a  shelf  fixed  near  the 
roof  of  the  laboratory,  is  provided  with  a  tube,  b,  c^  dy  bent  at  right 
angles  at  c,  which  admits  of  being  closed  by  a  silver  stopcock,  t.  The 
pipette,  P,  which  contains  exactly  a  decilitre  of  the  liquid,  is  connected 
with  the  tube,  6,  d,  by  the  glass  tube,  dy  e,  which  contains  a  thermometer 
accurately  graduated.  The  silver  connecter  by  which  the  tube,  dfCyVi 
fastened  to  the  pipette,  P,  is  provided  with  two  stop-cocks,  t'  and  i',  of 
which  the  uses  will  be  presently  explained.  In  conducting  an  assay,  the 
operator  closes  the  extremity  of  the  pipette  with  the  forefinger  of  the 
left  hand,  fig.  202,  and  with  the  right  opens  the  taps,  t'  and  tf\  the 
latter  being  opened  first ;  by  the  first  of  these  the  solution  enters  the 
pipette,  whilst  from  the  second  the  air  escapes  in  proportion  as  it  becomes 
filled  by  the  solution  of  sodium  chloride.  When  the  pipette  has  become 
filled  by  the  liquor  to  a  little  beyond  the  mark,  Tn,  the  cocks  t'  and  Tare 
closed,  and  the  instrument  remains  charged  with  the  solution. 

On  the  table  immediately  below  this  apparatus  is  a  sliding  support, 
W,  in  which  is  secured  by  a  ring  of  copper,  C,  the  bottle,  B,  containing 
the  solution,  in  nitric  acid,  of  the  alloy  to  be  assayed,  while  in  connection 
with  it  is  a  small  stand,  S,  on  which  is  fastened  a  sponge,  g,  situated  at 
the  exact  height  of  the  beak,  p,  of  the  pipette.  The  assayer  now  slides 
the  plate,  W,  between  the  guides,  G,  in  such  a  way  that  the  sponge  may 
come  in  contact  with  the  extremity  of  the  pipette,  and  by  carefully 
admitting  air  through  an  aperture  in  the  tap,  f\  allows  the  liquid  to 
descend  until  it  exactly  reaches  the  level  of  the  line,  m,  marked  on  the 
glass  by  a  scratch-diamond.  The  sponge  removes  the  last  drop  of  the 
solution,  which  would  otherwise  remain  attached  to  the  beak  of  the 
instrument,  and  in  proportion  as  it  becomes  saturated  with  moisture,  the 
liquid  falls  through  the  hollow  support,  into  the  cup-shaped  receivez^  B. 
The  operator  now  draws  the  slide  towards  the  right  until  it  is  stopped 
by  a  peg  which  arrests  it  when  the  neck  of  the  bottle  is  immediately 
under  the  extremity  of  the  pipette,  and  by  admitting  air  through  the 
cock,  f\  he  allows  the  solution  to  flow  into  it.  The  last  drop  of  the 
liquor  invariably  remains  attached  to  the  burette ;  but,  as  the  instrument 
is  gauged  with  due  attention  to  this  circumstance,  its  addition  is  un- 
necessary, and  would  vitiate  the  result  As  in  most  instances  several 
assays  are  being  made  at  the  same  time,  the  weighed  quantities  of 
alloy  are  commonly  dissolved  in  numbered  bottles,  which  are  arranged 
in  a  metallic  frame  somewhat  similar  to  a  cruet-stand,  and  which, 
after  the  introduction  of  the  acid,  may  be  placed  in  a  wate^bath  or 
on  a  sand-bath  for  the  purpose  of  facilitating  their  solution. 

When  the  various  samples  have  become  completely  dissolved,  the 
nitrous  fumes  are  removed  from  the  bottles  by  slightly  blowing  into 
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each,  with  bellows,  through  a  glass  tube,  and  a  decilitre  of  the  standard 
solution  is  introduced  into  each  by  the  method  already  described.  The 
bottles  are  subsequently  placed  in  a  metallic  case»  C,  fig.  203,  made  with 
a  ooTer  to  keep  the  stoppers  in  their  places,  which,  besides  being  pro- 
Tided  with  compartments  for  each  bottle,  is  suspended  from  the  extremity 
of  a  eteel  spring,  a,  6,  and  is  steadied  from  below  by  the  elastic  spiral, 
c,  d.  These  bottles,  after  being  carefully  closed  by  their  stoppers  and 
fastened  in  their  several  compartments,  are  well  shaken  by  an  assistant, 
who  takes  hold  of  the  handle,  6,  /,  and  briskly 
agitates  the  apparatus  during  several  minutes.  As 
soon  as  the  liquors  have  in  this  way  been  rendered 
sufficiently  clear,  the  bottles  are  removed  from  the 
frame,  G,  to  a  blackened  table,  fitted  up  with  divi- 
sions numbered  to  correspond  with  the  numbers 
on  ihe  bottles^  care  being  taken  that  each  assay  be 
placed  in  the  compartment  to  which  it  belongs. 
The  decimal  solution,  which  is  contained  in  a  phial 
having  a  pipette  passing  through  its  cork,  is  now 
employed  for  the  purpose  of  determining  the  exact 
amount  of  silver  in  the  various  assays.  This  pipette 
is  so  marked,  by  a  line  on  its  surface,  as  to  allow 
the  operator  to  exactly  measure  out  one  c.c  of  the 
liquid  it  contains.    To  do  this  the  point  of  the  fore-  Fi«-  aos. 

finger  is  applied  to  the  upper  extremity  of  the  tube, 
which,  whilst  thus  closed,  is  raised  above  the  surface  of  the  liquid  in  the 
bottle,  and  is  allowed  to  drop,  by  the  careful  admission  of  air,  until  the 
liquid  has  fallen  to  the  level  of  the  line  marked  on  its  surface.  The 
opening  is  now  closely  stopped,  and  the  c.c.  of  fluid  is  transferred  to  the 
first  bottle  of  the  series,  into  which  it  is  permitted  to  flow  on  removing 
the  finger  from  the  upper  extremity  of  the  pipette. 

The  same  quantity  of  solution  is  afterwards  successively  added  to 
each  of  the  other  assays.  The  assayer  now  examines  each  bottle  in 
succession,  and  makes  a  mark  with  chalk  on  the  blackened  table  before 
those  in  which  a  precipitate  has  taken  place.  ThesJB  are  a  second  time 
transferred  to  the  shaking  apparatus,  in  which  they  are  briskly  agitated 
until  the  liquids  have  again  become  clear,  when  they  are  taken  back  to 
their  respective  places  on  the  blackened  table,  and  another  c.a  of  decimal 
solution  is  added  to  each  in  which  a  precipitate  was  obtained  by  the  last 
operation.  By  degrees  the  several  bottles  in  which  no  precipitate  has 
taken  place  are  thus  eliminated,  and  on  counting  the  number  of  marks 
set  before  them  the  number  of  cc.  of  the  decimal  solution  which  has 
been  added  to  each  assay  is  readily  ascertained.  From  this  number  must 
be  deducted  half  a  c.c,  as  only  a  portion  of  the  last  addition  may  be  sup- 
posed to  have  suffered  decomposition. 

The  standard  solution  of  sodium  chloride  employed  is  prepared  at 
15°  G. ;  but  as  this,  in  common  with  all  liquids,  expands  and  contracts  in 
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accordancd  with  the  temperature  to  which  it  is  exposed,  it  was  fonnerly 
customaij  to  construct  a  table  of  corrections,  to  be  employed  in  cases 
when  the  liquid  is  used  at  temperatures  either  above  or  below  this  point 
For  this  purpose  the  thermometers  in  the  tube,  d,  e,  was  consulted,  and 
the  correction  read  off  from  tables  prepared  for  that  purpose.  It  is  now 
generally  preferred  to  make  use  of  the  following  method,  by  which  all 
error  arising  from  any  alteration  in  the  solution  is  guarded  against 
With  this  object  the  assayer  makes  experiments  daily  on  1  gramme 
of  pure  silver,  at  the  same  time  that  he  is  conducting  his  regular 
assays  of  the  usual  alloys,  and  from  the  result  obtained  by  these  checks 
he  is  enabled  to  correct  for  any  small  irregularity  in  the  temperature 
or  constitution  of  the  solution  employed. 

The  standard  solution  of  sodium  chloride  is  made  from  common  salt, 
without  any  preliminary  purification,  and  is  usually  prepared  in  consider- 
able quantities  at  a  time.  For  this  purpose  1  kilogramme  of  common 
salt  may  be  dissolved  in  eight  litres  of  water.  The  liquid  is  filtered, 
and  the  amount  of  water  that  would  be  necessary  to  make  a  solution  of 
the  requisite  strength,  supposing  the  chloride  to  be  pure,  is  added.  By 
this  means  a  solution  roughly  approximating  only  to  the  composition  of 
the  normal  liquor  is  obtained,  of  which  the  exact  standard  must  be  ascer- 
tained by  adding  a  decilitre  to  a  solution  of  1  gramme  of  pure  silver  in 
nitric  acid.  The  liquid  is  clarified  by  agitation,  and  by  the  addition  of 
successive  c.c.  of  the  decimal  solution,  either  of  nitrate  of  silver  or  of 
sodium  chloride,  the  exact  amount  of  silver  or  of  sodium  chloride,  as  the 
case  may  be,  remaining  free  after  the  addition  of  a  decilitre  of  the  solu- 
tion, is  ascertained. 

When  this  is  known  it  becomes  easy  to  calculate  the  quantity  of  water 
or  of  sodium  chloride  which  must  be  added  in  order  to  arrive  at  a  correct 
standard ;  and  when  this  addition  has  been  made,  experiments  of  a  similar 
description  are  repeated,  until  satisfactory  results  are  obtained  The 
decimal  solution  of  sodium  chloride  is  readily  prepared  by  pouring  a 
decilitre  of  the  standard  solution  into  a  bottle  of  the  exact  capacity  of  a 
litre,  and  afterwards  filling  it  with  distilled  water. 

To  prepare  the  decimal  solution  of  silver,  1  gramme  of  pure  silver  is 
dissolved  in  nitric  acid,  to  which  distilled  water  is  afterwards  added  until 
an  exact  litre  of  the  liquid  is  obtained. 

When  the  alloy  operated  on  contains  mercury,  the  results  by  humid 
assay  are  no  longer  exact,  as  this  metal,  being  precipitated  at  the  same 
time  as  the  silver,  decomposes  a  portion  of  the  standard  solution,  bj 
which  the  experiment  becomes  vitiated.  The  presence  of  mercury  in 
the  alloy  examined  is  detected  by  exposing  the  bottles  containing  the 
precipitated  silver  chloride  to  the  action  of  lights  since  the  presence  of 
a  very  minute  trace  of  mercury  prevents  the  usual  darkening  of  that 
salt.  The  assay  of  alloys  containing  meroury  may,  however,  be  made  bj 
the  humid  process,  if  a  solution  of  acetate  of  sodium  be  added  to  the 
solution  of  silver  previously  to  the  introduction  of  the  standard  solution 
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of  sodium  chloride,  as  this  reagent  has  the  property  of  preventing  the 
precipitation  of  mercurous  chlorida 

In  the  Indian  Mints  a  humid  method  of  assay  is  used  in  which  the 
silver  precipitated  from  solution  by  hydrochloric  acid  is  washed,  decanted 
into  a  porcelain  capsule,  dried  at  200°  C,  and  weighed  as  chloride. 

METALLURGY  OF  SILVER 

The  greater  part  of  the  silver  production  of  the  world  is,  as  has  been 
previously  stated,  derived  from  ores  containing  only  a  very  small  propor- 
tion of  that  metaL  In  most  of  the  larger  mining  districts,  ores  con- 
sidered as  first  class  rarely  yield  above  1  per  cent  of  silver,  or  320 
ounces  per  ton,  and  the  bulk  of  the  produce  is  considerably  poorer.  It 
will  therefore  be  readily  understood  that  the  reduction  of  silver  from  the 
ore  by  a  single  operation  is  only  possible  in  very  exceptional  cases,  and 
that,  as  a  rule,  methods  of  gradual  concentration  must  be  adopted  leading 
to  the  production  of  a  small  bulk  of  some  highly  argentiferous  compound 
or  alloy  from  which  the  silver  may  be  finally  extracted. 

The  substances  in  which  silver  is  generally  collected  are  the  follow- 
ing:— 

1.  Metallic  sulphides,  particularly  those  of  iron  and  copper;  the 
spurstein  or  argentiferous  fine  metal  of  the  Mansfeld  process  (page  439) 
is  an  example. 

2.  Metallic  lead,  producing  the  silver-lead  of  the  ordinary  lead-smelt- 
ing processes. 

3.  Metallic  mercury,  producing  amalgams  of  silver  and  other  metala 
The  methods  adopted  for  the  treatment  of  these  enriched  products 

constituting  the  characteristic  operations  of  silver  metallurgy  proper 
are: — 

For  lead.  Refining  on  the  test  or  marl  bottom  as  described  under 
lead  smelting. 

For  amalgam.  Distillation  or  retorting,  which  is  one  of  the  subsidiary 
operations  of  the  amalgamation  process. 

For  argentiferous  rogulua  The  production  of  some  soluble  salt  of 
silver,  which  is  removed  by  an  appropriate  solvent  and  reduced  by 
cementation  with  copper,  the  series  of  operations  being  known  as  liquid 
extraction  or  leaching  processea 

In  the  choice  of  a  method  for  treating  silver  ores  many  points  have 
to  be  considered,  as  the  character  and  resources  of  the  locality  may  often 
influence  the  selection  as  much  as,  or  more  than,  the  nature  and  composi- 
tion of  the  minerals.  Fusion  with  lead  is  probably  the  best  method,  as 
giving  the  least  loss  of  precious  metals ;  but  it  necessitates  the  command 
of  fuel  and  fluxes,  as  well  as  of  lead  ores,  in  some  quantity.  Argentiferous 
copper  ores  are  more  difficult  to  work  than  similar  ores  of  lead ;  they  are 
best  treated  by  fusion  up  to  the  production  of  a  concentrated  regulus,  and 
then  by  liquid  extraction ;  but  Uie  latter  processes  involve  rather  delicate 
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manipulation,  and  for  success! al  working  well  arranged  plant  and  abun- 
dant fuel  and  ores  for  mixing  are  necessarj.  Pure  or  moderatelj  rich 
dry  ores,  without  either  copper  or  lead  in  notable  proportion,  maybe  best 
treated  by  amalgamation,  which  requires  only  a  minimum  of  fuel  and 
comparatively  small  quantities  of  accessory  materials,  the  latter  being 
principally  salt  and  mercury ;  while  the  mechanical  appliances  need  only 
be  of  the  simplest  possible  character.  These  advantages  more  than 
counterbalance  the  waste  of  the  most  expensive  reagent  employed, 
namely,  mercury,  and  the  loss  of  silver  by  imperfect  extraction,  which, 
generally  speaking,  is  larger  than  in  smelting,  and  sufficiently  account  for 
the  circumstance  that  very  much  more  silver  is  produced  by  amalgama- 
tion than  by  any  other  method  of  reduction. 

Smelting  Silver  Ores. 

The  various  processes  described  for  smelting  lead  ores  are  appheaUe 
to  those  of  silver.  When,  however,  the  extraction  of  silver  is  the  chief 
object  in  view,  some  form  of  bUst-fumace  is  often  employed,  although 
the  flowing  furnace,  used  for  the  treatment  of  refractory  ores,  is  also 
well  adapted  for  the  purpose.  In  all  such  oases  the  product  first 
obtained  is  argentiferous  lead,  which  may  be  either  concentrated  before 
refining,  or  passed  directly  to  the  test  Where  silver  ores  have  to  be 
worked  in  a  district  in  which  fuel  is  moderately  abundant,  but  ores  of 
lead  are  obtained  with  difficulty,  it  will  generally  be  found  advantageou 
to  refine  the  argentiferous  alloy  without  preliminary  concentration,  and 
to  employ  the  resulting  litharge,  fume,  &c.,  continuously  in  smelting 
fresh  quantities  of  argentiferous  matenaL 

When  silver  is  found  associated  with  large  quantities  of  pyrites  or 
metallic  sulphides,  other  than  galena,  the  ores  are  freqdently  fused  for  a 
coarse  matte  previous  to  fusion  with  litharge  or  other  plumbiferous  mate- 
rial  The  matte  thus  obtained  is  then  either  roasted  and  subsequently 
smelted  with  some  material  capable  of  affording  lead,  or  is  first  concen- 
trated by  a  second  fusion,  followed  by  another  roasting.  Nearly  the 
whole  of  the  silver  origiually  present  in  the  ores  treated  will  thos  be 
concentrated  in  the  mattes  in  a  form  conv^ent  for  subsequent  metal- 
lurgical treatment 

The  presence  of  gold  in  an  ore  of  silver  in  no  w^y  modifies  its  treat- 
ment, since  both  metals  invariably  pass  into  the  lead,  and  are  ultimately 
separated,  after  refining  on  the  test^  by  the  process  of  "  parting." 

Smbltinq  Native  Silver. — ^At  Kongsberg,  in  Norway,  about  80,000 
ounces  of  silver  are  produced  annually  irom  ores  that  consist  chiefly  of 
native  silver  with  some  silver  glance,  and  small  quantities  of  copper- 
pyrites,  galena,  and  blende  in  a  matrix  of  calcite  and  quartz.  These  are 
divided  into  hand-picked  and  dressed  ores  which  are  treated  separately. 
The  first  and  most  important  class,  consisting  of  lumps  of  mineral,  often 
assaying  up  to  90  per  cent,  of  silver,  is  melted  in  a  small  reverberatory 
furnace  with  an  addition  of  lead  and  wrought-iron  nails  for  decomposing 
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the  sulphide  of  silver,  and  produces  highly  argentiferous  lead  which  is 
refined  to  pure  silver  in  the  same  operation,  while  the  dross  and  skim- 
mings removed  from  the  surface  are  added  to  the  furnace  charges  in 
smelting  the  dressed  ores,  which  are  divided  into  richer  and  poorer 
classes,  the  first  with  about  300  ounces^  and  the  second  with  10  ounces 
of  silver  per  ton.  The  poorer  ores,  mixed  with  flue-dust  and  other 
residues,  tap-cinder  and  iron  p jhtes,  are  concentrated  by  fusion  in  a  blast- 
furnace 14^  feet  high,  to  a  coarse  metal  containing  about  100  ounces 
per  ton,  which  is  burnt  in  heaps  four  times,  and  concentrated  by  fusion 
with  the  richer  dressed  ores,  flue  stuff,  &c  This  enriched  regulus  is 
desilverized  by  running  it  into  a  bath  of  melted  lead  in  the  fore-hearth  of 
the  furnace,  where  the  silver  is  reduced  from  sulphide  and  dissolves  in  the 
excess  of  lead,  with  the  production  of  an  equivalent  of  lead  regulus  or 
Bleistein.  This  process,  known  as  soakmg^  is  repeated  twice  with  the 
same  lead,  which  takes  up  about  10  per  cent,  of  silver  before  it  is  sent  to 
the  refinery.  The  lead  regulus,  like  the  similar  product  of  the  Harz  iron* 
reduction  process  (p.  609),  is  subjected  to  alternate  roasting  and  fusion 
until  it  is  deprived  of  its  lead  and  silver  and  becomes  copper  regulus. 
When  a  quantity  of  about  10  tons  of  the  latter  substance  has  accumulated, 
it  is  smelted  for  blister  copper  and  refined.  The  refined  copper,  contain- 
ing from  1  to  1^  per  cent,  of  silver,  is  sold  to  a  refinery  to  be  used 
in  precipitating  silver*  About  30,000  ounces  of  silver  are  obtained 
annually  from  the  poorer  ores  by  the  treatment  described  above. 

Rich  dry  ores,  with  1,000  ounces  of  silver  per  ton  and  upwards,  are 
sometimes  treated  by  a  soaking  process,  known  as  working  on  the  test,  in 
the  following  manner.  When  the  production  of  lithaige  begins  in  the 
refinery  the  blast  is  stopped  and  the  ore  is  spread  over  the  surface  of 
the  melted  lead,  where  it  is  slowly  decomposed,  and  the  reduced  silver 
is  absorbed  by  the  lead  in  the  same  manner  as  in  scorification  in  the 
mufiQe.  Sulphur,  antimony,  and  arsenic  are  oxidized  and  volatilized  in 
part^  the  remainder  forming  with  the  earthy  matters  of  the  ore  and  some 
litharge  a  pasty  mass,  which  is  skimmed  from  the  surface.  This  dross 
contains  a  notable  quantity  of  silver  and  is  worked  with  poorer  ores  in 
a  blast-  or  flowing-furnace.  The  addition  of  ore  continues  until  the  lead 
is  enriched  to  4000  ounces,  when  it  is  tapped  and  refined  on  a  clean  test. 

Treatment  of  Silver  Ores  by  Amalgamation. 

The  amalgamation  of  silver  ores  is  conducted  in  various  Ways,  the 
following  being  the  most  important :  Firstly,  the  Mexican  process  of 
amalgamation  in  heaps ;  secondly,  the  barrel  process,  formerly  employed 
at  Freiberg  in  Saxony,  at  Constante  in  Spain,  in  the  State  of  Nevada, 
and  elsewhere ;  thirdly,  the  Washoe  process^  by  which  unroasted  ores  are 
amalgamated  in  iron  pans. 

MsziOAK  or  Patio  Prooess. — This  method  of  extracting  sil,ver  from 
its  ores  by  the  use  of  mercury  and  common  salt^  without  the  assistance  of 
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artificial  heat,  was  discovered  in  the  year  1557  by  Bartolom^  Medina,  a 
native  of  the  town  of  Pachuca,  in  Mexico,  and  has  been  unintemiptedly 
employed  from  that  period  up  to  the  present  time,  without  having  unde^ 
gone  any  material  modification. 

The  silver  in  the  ores  operated  on  chiefly  exists  either  in  the  metailic 
state,  or  combined  with  sulphur,  chlorine,  iodine,  or  bromine.  The  arsenic 
and  antimony  contained  in  ruby-  and  brittle-silver  ores  not  only  render 
their  treatment  difficult  and  expensive,  but  also  materially  augment  the 
loss  of  both  silver  and  mercury.  When  sufficiently  rich,  such  ores  are 
often  set  aside  for  treatment  by  smelting,  but  they  are  generally  so  dis- 
seminated throughout  the  veinstone,  and  so  intimately  mixed  with  it^  as 
not  to  admit  of  separation  by  any  system  of  hand-picking.  The  gangne 
in  which  they  are  contained  consists  principally  of  quartz,  more  or  less 
associated  with  pyrites  or  with  iron  oxide,  and,  in  additidn  to  small  quan- 
tities of  other  minerals,  often  contains  from  5  to  10  per  cent  of  calcitc 
or  dolomite.  Near  the  surface  such  veins  are  much  decomposed,  and  the 
ores  then  present  the  appearance  of  a  friable  ferruginous  quartz,  in  which 
a  large  proportion  of  the  silver  occurs  either  in  the  native  state  or  as 
chloride. 

The  ores  treated  by  this  process  are  not  ordinarily  subjected  to 
mechanical  preparation,  as  not  only  are  they  unsuited  for  such  treatment, 
but  the  supply  of  water  in  the  districts  in  which  they  occur  is,  in  most 
cases,  so. limited  as  to  render  washing  operations  on  an  extensive  scale 
impossible. 

Although  the  loss  of  silver  by  the  pcUio  system  of  amalgamation  is 
large,  and  much  time  is  expended  on  the  various  op^ations,  it  nevertheless 
possesses  advantages  over  all  others,  in  the  arid  barren  districts  in  which 
it  is  carried  on,  inasmuch  as  it  requires  only  a  little  fuel,  and  no  great 
amount  of  water.  The  principal  materials  necessary  are  salt^  cupriferous 
pyrites,  and  mercury. 

Rough  Stamping, — ^The  ores  to  be  treated  by  patio  amalgamation  are 
first  crushed  dry  in  a  molino  or  stamping-mill,  and  subsequently  ground 
with  water  in  the  arraeira  (or  arraetre)  until  reduced  to  the  necessary 
state  of  fine  division.  The  stamping-mill  generally  consists,  in  Mexico, 
of  a  series  of  wooden  lifters  or  stems,  shod  with  iron,  and  set  in  motion 
by  cams  arranged  round  an  axle,  worked  either  by  a  water-wheel  or  by 
a  vertical  shaft,  carrying  a  beam,  to  which  is  harnessed  a  team  of  four 
mules.  The  vertical  shaft  is  provided  with  a  large  wooden  wheel,  which 
communicates  its  motion  to  another,  fixed  on  the  cam-shaft  of  the  mill 
Ore  is  supplied  in  pieces  of  the  size  of  the  fist,  which,  when  sufficiently 
reduced  in  size,  fall  through  sieves  or  screens,  made  either  of  metal  or  of 
raw  hide  perforated  with  numerous  round  holes,  and  fixed  in  an  inclined 
position  before  each  battery.  The  particles  of  ore  which  pass  through 
these  holes  are  removed  for  fine  grinding  in  the  arrastra,  while  the  coarser 
portions  continue  to  be  acted  upon  by  the  pestles,  until  sufficiently  re- 
duced in  size  to  admit  of  their  passing  through  the  screens.    When 
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animal  power  is  employed  these  mills  are  worked  by  relays  of  rdules, 
driven  at  a  rapid  rate,  and  frequently  replaced  by  fresh  teams. 

Fine  Grinding. — The  arrastra,  or  tdhona,  consists  of  a  circular  pave- 
ment of  stone,  which  may  be  about  12  feet  in  diameter,  on  which  the 
ore  is  ground  by  two  or  more  stone  mullers  dragged  continually  over  its 
surface  by  mules  harnessed  to  a  horizontal  arm.  Around  this  circular 
pavement  of  hard  stone  is  a  kerbing,  either  of  flat  stones  or  of  wood, 
forming  a  kind  of  tub,  about  2  feet  in  depth,  in  the  centre  of  which  a 
piece  of  hard  wood  is  firmly  fitted  between  the  blocks  composing  the 
flooring.  "Working  on  an  iron  pivot,  in  a  step  let  into  this  central  post, 
is  an  upright  wooden  shaft,  secured  at  its  upper  extremity  to  a  horizontal 
beam  by  another  journal  This  is  crossed  at  right  angles  by  two  bars 
forming  four  arms,  one  of  which  is  sufficiently  long  to  admit  of  two  mules 
being  harnessed  to  it  abreast.  The  voladoraa,  or  mullers,  are  generally 
made  either  of  porphyry  or  of  granite,  although  basalt  is  also  employed 
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for  this  purpose,  and  have  a  length  of  somewhat  less  than  the  radius  of 
the  arrastra,  with  a  thickness  of  about  16  inches.  In  each  of  these  are 
bored  two  holes,  into  which  wooden  pegs  are  driven  for  attaching  the 
chains,  or  thongs  of  raw-hide,  by  which  they  are  connected  with  the  arms 
traversing  the  central  shaft.  These  mullers  are  so  hung  that  their  edges, 
in  the  direction  of  their  motion,  are  mised  nearly  an  inch  above  the  sur- 
face of  the  stone  pavement,  while  the  other  side  trails  heavily  upon  it. 
A  sectional  view  of  a  Mexican  arrastra  is  given  in  fig.  204,  in  which  A 
is  the  upright  shaft,  B,  arms  to  which  the  mullers,  O  (of  which  only  one 
is  shown),  are  attached,  and  D  the  central  block  of  wood  in  which  the 
lower  bearing  works. 

At  Guanaxuato,  where  the  ores  in  addition  to  silver  contain  gold, 
nnd  are  more  finely  ground  than  in  other  districts  of  Mexico,  from 
6  to  11  quintals^  of  granza,  or  coarse  sand  from  the  stamping-mills, 
1  The  Mexican  qaintal  =  100  Ibt.  avoirdupoif ,  nearly. 
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ate  charged  into  the  arrastra  with  one  barrel,  or  about  10  gallons,  of 
water,  at  four  o'clock  in  the  morning ;  at  nine  o'clock  a  second  barrel 
is  poured  in,  and  a  third  at  twelve ;  at  three  o'clock  three  barrels, 
and  at  four,  five  barrels,  of  water,  are  added  At  the  expiration  of 
twenty^four  hours,  when  the  grinding  has  been  completed,  the  lama,  or 
argentiferous  mud,  is  baled  out  into  barrels,  in  whidi  it  is  removed  to 
reservoirs  of  masonry,  where  a  portion  of  the  water  is  evaporated  by 
exposure  to  the  sun  and  air,  and  the  mass  is  ultimately  left  in  a  condi- 
tion fit  for  treatment  in  the  patio.  In  some  establishments,  instead  of  the 
lama  being  taken  away  in  barrels  it  is  baled  into  wooden  spouts,  by 
which  it  is  conducted  to  proper  receptacles;  while  in  others  it  is 
tapped  from  a  plug-hole  at  the  bottom  of  each  arrastra  directly  into  pro- 
perly arranged  spouts.  The  mules  by  which  the  machines  are  driven 
are  changed  after  working  six  hours,  and  the  arrastras  are  generally 
arranged  in  rows  in  long  sheds  called  galeras.  At  Zacatecas,  where  the 
ores  contain  no  gold,  the  grinding  is  not  so  long  continued,  and  the 
lama  is  removed  in  a  less  finely  divided  state.  In  this  district  each 
arrastra  grinds  10  quintals  in  the  course  of  thirteen  hours,  but  the 
lama  is  much  coarser  than  at  Guanaxuato,  and  the  results  obtained  less 
satisfactory. 

Where,  as  at  Guanaxuato,  the  ores  contain,  in  addition  to  silver, 
small  quantities  of  gold,  the  arrastra  is  kept  constantly  charged  either 
with  a  certain  amount  of  mercury  or  with  an  amalgam  of  silver  or 
copper.  By  this  means  the  gold  becomes  concentrated  in  the  amalgam, 
and  highly  profitable  results  are  sometimes  realized.  In  such  cases,  care 
must  be  taken,  in  removing  the  lama  daily  obtained,  not  to  disturb  the 
amalgam  in  the  bottom  of  the  arrastras,  which  is  collected  at  periods  of 
from  three  to  six  months,  and,  after  being  strained  and  retorted,  is  melted 
into  bars  which  are  subsequently  subjected  to  parting. 

The  yield  of  gold  by  this  method  is  considerably  less  than  the  total 
amount  contained  in  the  ores,  tke  loss  experienced  generally  varying 
f fom  25  to  40  per  cent  on  the  assay  produce.  A  loss  of  mercury  also 
takes  place  during  the  process,  which  is  apparently  caused  by  the  decom- 
position of  sulphide  of  silver  with  the  formation  of  a  proportionate 
amount  of  sulphide  of  mercury.  The  loss  of  this  metal  is  usually  found 
to  represent  very  closely  the  weight  of  silver  taken  up  by  the  amalgam 
during  the  progress  of  the  operation. 

The  Patio. — This  is  a  large  courtyard,  paved  witb  stone,  the  joints 
between  which  are  carefully  cemented  in  order  to  prevent  loss  of 
mercury.  •A  slight  inclination  is  given  to  the  surface  of  the  floor,  in 
order  that  any  water  that  may  fall  upon  it  may  readily  flow  away.  The 
ground  ores  are,  as  before  stated,  taken  from  the  tahonas  to  walled 
receivers  {lameros)^  in  which  they  become  partially  dried,  and  where 
they  are  allowed  to  accumulate  until  there  is  a  sufficient  quantity  to 
form  a  heap,  or  iorta,  which,  at  Guanaxuato,  consists  of  60  mon^ftieif 
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about  96  tons.^  When  the  necessaij  amount  of  lama  has  been  thus 
collected  it  is  taken  to  a  circular  area  on  the  patio,  from  30  to  50  feet  in 
diameter,  according  to  the  weight  of  ore  operated  on,  surrounded  either 
by  a  low  wall  of  stone  or  by  a  border  of  planks  made  tight  by  filling  all 
the  crevices  with  clay  or  mule  dung.  Into  this  the  lama  is  introduced 
until  it  forms  a  stratum  of  about  a  foot  in  thickness,  and  is  allowed 
to  remain  until,  by  the  evaporation  of  the  water,  it  has  assumed  the 
consistence  of  a  moderately  thin  mud.  As  soon  as  this  condition  has 
been  reached,  the  amalgamator  proceeds  to  add  from  3  to  5  per  cent,  of 
salt,  and  when  this  has  been  done  the  torta  receives  the  first  treading 
{rep€Uo\  after  which  it  is  allowed  to  stand  until  the  following  day.  A 
larger  amount  of  salt  would,  in  many  cases,  expedite  the  working  of  the 
torta,  but  on  account  of  its  high  price  this  is  seldom  added* 

In  addition  to  common  salt,  imported  from  the  coast,  a  large  quantity 
of  impure  sodium  chloride,  obtained  from  various  lagunes,  was  formerly 
employed,  but  the  cost  of  transporting  considerable  amounts  of  such  an 
impure  material,  added  to  the  great  increase  in  bulk  of  the  tortas,  has 
caused  its  use,  in  a  crude  state,  to  be  almost  entirely  abandoned.  This 
salt  is  now  concentrated  and  purified  by  lixiviation  and  evaporation  before 
being  carried  to  the  mines. 

The  day  after  salt  has  been  mixed  with  the  ore,  the  addition  of  mer- 
cury and  magidral  takes  place.  Magistral  is  prepared  by  slowly  roasting, 
in  a  reverberatory  furnace,  copper  pyrites  containing  a  considerable 
admixture  of  iron  pyrites,  to  which  a  small  quantity  of  common  salt 
has  be«i  added.  By  this  process,  the  minerals  present  in  the  raw 
ore  become  oxidized  with  the  formation  of  cupric  and  ferrous  sulphates, 
together  with  a  small  proportion  of  chlorides.  The  cupric  sulphate 
varies  in  amount  from  20  to  40  per  cent  of  the  whole,  and  is  the  chief 
agent  in  the  reduction  of  the  ores,  although  the  iron  salts,  which  are 
present  in  amounts  varying  from  6  to  12  per  cent,  also  exercise  a  beneficial 
influ^ce  on  the  results. 

Before  the  addition  of  magistral,  the  torta,  if  necessary,  brought  to 
a  proper  consistence  by  the  addition  of  water,  and  the  roasted  sulphides 
are  then  thrown  evenly  over  its  surface  with  wooden  shovels.  The  pro- 
portion of  this  reagent  added  is  varied  in  accordance  with  the  amount 
of  cupric  sulphate  it  contains ;  but  in  the  generality  of  cases,  when  magis- 
tral of  aven^  strength  is  employed,  something  less  than  1  per  cent,  is 
BufE^dent 

As  soon  as  the  magistral  has  been  spread  over  the  surface  of  the 
torta,  it  is  again  trodden  by  mules  for  about  an  hour,  when  the  mercury 
necessary  for  the  completion  of  the  operation  is  added.     Formerly,  this 

1  Hie  weight  of  the  montoo  yaries  in  different  looalitiei — 

In  Ooanaxnato  a  monton  usually  contains         .        .  32  quintals 

„  Beal  del  Monte,  Pachuea,  and  Tasco  .  90       „ 

„  Zacateoas  and  Sombrerete 20       „ 

„  pFesnillo 18       ,, 

,,  Bolafios 15       ,, 
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addition  was  niade  at  various  periods  during  the  progress  of  the  operation, 
but  it  is  now  more  usual  to  add  all  the  mercury  immediately  after  the 
introduction  of  magistral  This  is  done  by  straining  it  through  a  piece 
of  canvas,  by  which  its  particles  are  divided  into  minute  globules,  the 
quantity  added  being  from  3|  to  4  lbs.  for  each  mark,^  or  from  seven 
to  eight  times  the  weight,  of  silver  supposed  to  be  contained  in  the  heap. 
After  the  addition  of  mercury  the  torta  is  again  trodden,  to  effect  its 
intimate  mixture  throughout  the  mass. 

When  magistral  and  mercury  have  been  added  to  a  torta,  and  it  has 
received  its  first  treading,  chemical  action  commences^  and  the  amalga- 
mator closely  watches  its  operations  by  means  of  samples  taken  from  all 
parts  of  the  heap.    To  make  an  assay  or  tentadura^  a  fair  sample  of  about 
8  ounces  of  the  ore  is  washed  with  water  in  a  small  bowl  (Jicara),  and 
from  the  results  obtained  the  azoguero  (amalgamator)  is  enabled  to  judge 
of  the  progress  of  the  operation.     Shortly  after  the  first  treating  of  the 
torta  samples  are  taken,  and  a  tentadura  is  made,  and,  after  washing  off 
the  earthy  and  lighter  particles,  the  remaining  polviUos,  or  metallic  sul- 
phides and  mercury,  are  caiiefully  examined.     At  this  stage  the  mercury 
contains  but  little  silver,. and  its  colour  and  state  of  division  afford  the 
only  indications  of  the  working  of  the  torta.    Should  it  be  found  divided 
into  small  globules,  or  its  natural  colour  be  but  slightly  changed,  it 
indicates  that  the  amount  of  magistral  added  is  not  sufficient     If,  on 
the  contrary,  the  mercury  has  acquired  a  deep  grey  or  leaden  hue,  the 
quantity  of  magistral  is  too  large,  and  the  torts^  is  said  to  be  hoi^  in  which 
case  the  addition  of  a  small  quantity  of  lime  may  be  necessary,  in  order 
to  avoid  undue  loss  of  quicksilver.     When  the  heap  is  in  good  working 
order,  the  surface  of  the  mercury  presents  a  light-grey  appearance,  and 
the  aspect  of  the  tentadura,  taken  the  day  after  treading,  will  have 
considerably  changed.      If  now  pressed  by  the  thumb  against  the  side 
of  the  bowl,  the  mercury  will  be  found  to  contain  silver  amalgam,  and 
what  on  the   previous  day  was   broken-up  quicksilver  (deseeM),  has 
become  limadura  de  plata^  of  a  whitish  colour  and  in  the  form  of  thin 
scales.      Three  tentaduras  are  made  daily  on  each  torta:   one  in  the 
morning  before  commencing  to  tread,  another  after  it  has  been  trodden 
for  some  time,  and  a  third  when  the  repaso  has  been  completed.    The 
samples  selected  for  this  purpose  must  be  taken  from  the  middle  of  the 
heap,  as  well  as  from  the  surface,  since  the  top,  from  being  exposed  to 
the  action  of  the  air  and  sun,  is  always  in  a  more  advanced  condition 
than  the  interior.     The  treading,  which  must  be  repeated  daily,  or  as 
often  as  tentaduras  indicate  a  necessity  for  doing  so,  has  the  effect  of 
stimulating  the  action  of  the  magistral.     When  chemical  action  has 
almost  ceased,  and  nearly  the  whole  of  the  silver  which  the  process  is 
capable  of  extracting  has  been  taken  up  by  mercury,  the  limadura  be- 
comes '*  weak,"  and  on  being  rubbed  by  the  thumb  shows  but  little  solid 
amalgam.     As  soon  as  it  is  found  to  be  free  from  amalgam,  and  unites 
^  Mark  =  3,550*5  grains. 
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in  globules  at  the  bottom  of  the  jicara,  the  operation  is  considered 
finished,  and  the  torta  is  said  to  be  rendido.  For  many  years,  however, 
amalgamators  have  not  entirely  relied  on  the  results  obtained  by  wash- 
ing, but  have  also  been  assisted  by  fire  assays  made  on  average  samples 
taken  from  each  torta  ;  in  this  way  its  content  of  silver  is  more  exactly 
ascertained.  Another  weighed  sample  is  washed  in  the  jicara,  and  the 
mercury  and  amalgam  carefully  collected  ;  the  assays  of  these  afford  data 
for  calculating  the  proportion  of  silver  which  still  remains  unacted  upon 
in  the  ores.  The  treading  is  performed  by  mules,  which  are  blindfolded 
and  tied  together  four  abreast.  One  mule  for  every  two  montones 
of  ore  is,  at  Guanaxuato,  required  for  the  effectual  treading  of  a  heap. 
A  driver,  who  stands  in  the  centre  of  the  torta,  guides  the  animals  with 
a  long  halter,  causing  them  first  to  tread  at  the  outer  edge,  and  gradually 
diminishing  the  radius  of  the  circle  described.  The  time  necessary 
for  working  a  torta  varies  from  fifteen  to  forty-five  days,  according  to 
circumstances.  When  the  working  of  a  heap  has  been  completed,  a 
quantity  of  fresh  mercury,  called  a  haUo,  is  sometimes  added,  but  this 
practice  is  not  universal 

Washing. — At  Guanaxuato  the  washing  apparatus  (lavadero)  con- 
sists of  three  circular  tanks  built  closely  together  within  an  outer 
circle;  these  are  constructed  of  stone  slabs  with  carefully  cemented 
jointa  The  depth  of  each  tank  is  5  feet  4  inches,  and  its  diameter 
9  feet  6  inches ;  they  communicate  with  one  another  by  openings,  of 
which  one  is  at  a  height  of  8  inches  and  the  other  at  a  distance  of  30 
inches  from  the  bottom.  The  last  tank  is  provided  with  two  separate 
discharge  holes;  the  first  6  inches  from  the  bottom,  and  the  other, 
which  is  used  only  for  cleaning-up,  is  situated  close  to  it. 

In  the  centre  of  each  tank  is  an  upright  shaft  carrying  agitating 
arms ;  the  whole  being  set  in  motion  by  a  shaft  provided  with  a  spur- 
wheel  working  in  pinions  on  the  shafts  of  the  different  washing-vats. 
The  shaft  carrying  the  spur-wheel  passes  through  an  upper  flooring, 
where  motion  is  communicated  to  it  by  a  team  of  mules  attached  to  an 
arm  let  into  it  at  right  angles  ;  the  pinions  of  the  agitators  in  the  second 
and  third  tanks  are  a  little  larger  than  that  working  the  stirrer  in  the 
first,  and  their  motion  is  consequently  somewhat  slower.  The  first  tank 
into  which  the  metalliferous  mud  from  the  torta  is  charged  is  called  the 
Una  cargadora,  whilst  the  third,  from  which  it  runs  off,  after  passing 
through  the  second,  is  called  the  descargadora.  Before  being  washed, 
the  torta  is  divided  into  several  parcels,  each  of  which  is  softened  by 
treading  and  the  addition  of  water,  and  then  taken  to  the  washing-house 
in  hateas,  dusted  on  the  inside  with  dried  mule  dung  to  prevent  adherence. 
About  three  montones  of  lama  are  gradually  introduced  into  the  first 
tank,  water  being  at  the  same  time  run  in,  and  the  machinery  is  made  to 
revolve  rapidly,  by  driving  the  mules  at  a  gallop.  When  the  whole  of 
the  lama  has  been  introduced,  the  speed  of  the  agitator  is  gradually 
slackened,  until  the  mules  move  only  at  a  gentle  walk,  and  samples  of 
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the  slime  are,  from  time  to  time,  taken  out  and  washed,  in  order  to 
ascertain  if  it  still  retains  an  appreciable  amount  of  mercurj.  When 
samples  taken  from  the  tinas  afford  only  minute  traces  of  metal,  the  plug 
furthest  from  the  bottom  of  the  descargadora  is  removed,  and,  as  soon  as 
the  slimes  have  run  0%  they  are  replaced,  and  the  operation  is  continued 
until  the  whole  of  the  torta  has  been  washed.  The  bottom  plug  is  then 
removed  with  suitable  precautions,  and  the  whole  of  the  mercury  and 
amalgam  are  discharged  and  carefully  collected. 

At  Guanaxuato,  the  heavier  constituents  of  the  torta,  which  remain 
with  the  amalgam  at  the  bottom  of  the  tinas,  are  separated  from  the  latter 
by  washing  in  bateas,  and  the  resulting  relavea  are  subsequently  re-ground 
in  arrastras.  By  this  treatment  they  are  made  to  yield  a  certain  amount 
of  auriferous  amalgam,  but  they  are  not  always  again  subjected  to  patio 
amalgamation.  In  this  district  the  slimes  from  the  lavadero  are  now 
sometimes  concentrated  by  the  round  huddle. 

At  Zacatecas  and  Fresnillo  the  washing  is  conducted  in  a  single  cir- 
cular cistern,  and  as  soon  as  the  azoguero  considers  that  a  torta  is  ready 
he  adds  to  it  about  80  per  cent,  of  the  amount  of  mercury  it  already 
Qontaina  At  Guanaxuato  the  lama  is  taken  direct  to  the  lavadero 
without  any  further  addition  of  quicksilver.  The  speed  of  the  agitator 
is  greater  than  in  cases  where  three  tinas  are  employed,  and  about  two 
and  a  half  montones  of  lama  are  passed  through  each  cistern  in  the 
course  of  an  hour.  A  considerable  loss  of  amalgam  is  the  result  of  this 
system  of  washing,  and  in  order  to  recover  it,  the  heavy  residues  collected 
in  a  cistern  beneath  the  discharge-orifice  of  the  tina  are  re-washed  on 
a  plantlla,  or  washing-table.  The  concentrates  from  the  washing,  when 
sufficiently  rich,  after  being  previously  roasted  in  a  reverberatory  furnace, 
are  re-ground  in  an  arrastra,  and  a  second  time  treated  by  amalgamation 
in  the  patio.  In  certain  districts,  and  particularly  in  those  situated 
nearest  to  the  city  of  Mexico,  the  washing  of  the  tortas  is  conducted  in 
a  wooden  tank,  of  which  one  end  is  pierced  with  numerous  holes  at 
different  heights,  which  admit  of  being  closed  by  plugs  provided  for  that 
purpose.  At  the  opposite  end  a  stream  is  admitted,  and  as  soon  as  the 
cistern  has  become  nearly  filled  with  water  the  lama  to  be  washed  is 
thrown  in  and  briskly  stirred  with  shovels ;  when  the  ore  is  thus  well 
incorporated  with  water  the  plugs  are  successively  removed,  beginning 
with  the  upper  one.  The  lighter  earthy  matters  are  in  this  way  first 
drawn  o£f,  and  afterwards  the  heavier  metallic  sulphides,  until  the  amal- 
gam, in  a  tolerably  pure  state,  remains  in  the  bottonL  After  escaping 
from  the  tank,  the  slimes  are  conducted  through  riffle-boxes  for  a  distance 
of  from  70  to  80  feet,  in  which  a  considerable  portion  of  the  suspended 
amalgam  and  mercury  is  retained. 

Filtration  of  Amalgam, — The  amalgam  obtained  is  first  purified  from 
adhering  particles  of  mineral,  and  then  filtered  through  a  cone-shaped 
bag  (manga),  of  which  the  upper  portion  is  cased  with  leather,  while  the 
lower  part  consists  of  stout  canvas  only.     This  is  hung,  point  downwards, 
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from  a  strong  beam,  and  the  mixture  of  mercury  and  amalgam  introduced. 
The  former  gradually  passes  through  the  meshes  of  the  canvas,  and  is 
collected  in  a  vessel  placed  beneath  for  that  purpose.  The  amalgam 
remaining  in  the  manga  contains  mercury  to  the  extent  of  from  four  to 
five  and  a  half  times  the  weight  of  silver  present,  and  has  a  granular  and 
plastic  consistency,  which  readily  admits  of  its  being  moulded  into  bricks. 
As  soon  as  mercury  has  ceased  to  drop  from  the  point,  the  manga  is 
emptied  on  a  table  covered  with  leather,  and  the  amalgam  is  beaten  into 
bricks  (hollos),  from  3  to  4  inches  in  thickness,  and  so  shaped,  that  when 
six  of  them  are  placed  together  they  form  a  circular  cake,  having  a  hole 
in  the  centre  for  the  escape  of  mercurial  vapours,  during  the  subsequent 
process  of  distillation. 

Retorting. — ^The  separation  of  mercury  from  the  silver  is  effected  by 
distillation  under  a  large  cast-iron  bell  placed  over  the  amalgam,  and 
around  which  is  lighted  a  charcoal  fire.  A  circular  casting,  through 
which  a  current  of  cold  water  constantly  circulates,  is  let  into  the  floor  of 
the  retorting  house,  and  on  this  is  placed  an  iron  support^  on  which  the 
bricks  of  amalgam  are  arranged.  When  thus  prepared  the  bell  (capeUina) 
is  lowered  over  it,  and  the  bottom  carefully  secured  by  a  luting  of  clay. 
Unbumt  bricks  (adobes)  are  now  built  around  it  in  the  form  of  a  hollow 
wall,  so  as  to  enclose  an  annular  fire*place,  8  inches  in  width,  outside 
the  capellina;  this  is  filled  with  ignited  charcoal,  and  in  proportion 
as  the  mercury  becomes  volatilized,  it  is  condensed  by  the  action  of  the 
cold  water,  and  escapes  through  an  iron  pipe  into  a  receptacle  prepared 
for  that  purpose.  Instead  of  the  wall  of  adobes  an  iron  cage  is  some- 
times placed  around  the  bell,  for  the  purpose  of  retaining  the  charcoal 
The  resulting  silver  (plata  pina)  has  a  porous  frosted  appearance.  The 
spongy  silver  thus  obtained  is  fused  and  cast  into  bars  in  the  ordinary 
way,  and  is  generally  above  990  fine. 

Results  obtained,  S^c, — The  loss  of  silver  experienced  in  patio  amal- 
gamation is  always  considerable,  but  varies  in  accordance  with  the  nature 
of  the  ores  and  the  amount  of  skill  brought  to  bear  upon  their  treatment 
At  Ouanaxuato  the  average  loss  on  docile  ore  is  from  9  to  14  per  cent, 
on  the  assay  produce.  At  Fresnillo  the  deficit  is  often  28  per  cent,  whilst 
according  to  Duport,  the  loss  at  Zacatecas,  where  the  ores  contain  a  large 
proportion  of  antimonial  sulphides,  was,  at  the  time  he  wrote  (1843),  from 
35  to  40  per  cent,  of  the  yield  indicated  by  assay.  The  loss  of  silver  in 
patio  amalgamation  at  Real  del  Monte  (1864-65),  as  furnished  by  Mr. 
Buchan,  was  only  9  per  cent. 

The  loss  of  mercury  experienced  at  the  same  period  in  the  latter 
establishment  was  1 1  ounces  per  mark  of  silver ;  but  this  may  be  taken 
as  an  unusually  favourable  result,  and  the  average  may  probably  be  esti- 
mated at  from  12  to  16  ounces  per  mark  of  silver  extracted. 

Hie  cost  of  patio  amalgamation  varies  in  different  localities ;  at  the 
Hacienda  Nueva,  belonging  to  the  Fresnillo  Company,  the  cost  of 
treating  2,000  lbs.  (1840-41)  was  $20*74,  while  at  the  Ophir  Company's 


692  ELEMENTS   OF  METALLURGY. 

works,  Nevada  (1864),  the  cost  of  working  the  same  weight  of  ore  iras 
$23-25. 

The  chemical  reactions  which  take  place  during  the  progress  of  patio 
amalgamation  are  of  a  complicated  nature,  and  the  whole  of  them  are  not 
yet  thoroughly  understood.  The  ore  contains  a  mixture  of  native  silver, 
chloride  of  silver,  and  various  sulphides,  &c.,  containing  silver.  Common 
salt  is  decomposed  hy  cupric  sulphate  in  the  magistral,  giving  rise  to 
sodium  sulphate  and  copper  and  iron  chloridea  Cupric  chloride  in  its 
turn  reacts  on  silver  sulphide  with  the  production  of  silver  chloride, 
which  is  dissolved  in  the  excess  of  sodium  chloride  added  to  the  torta, 
and  the  silver  is  subsequently  reduced  to  the  metallic  state  by  a  portion  of 
the  mercury,  which  is  ultimately  converted  into  calomel,  while  the  reduced 
silver  forms  an  amalgam  with  the  residual  unaltered  mercury.  The  cuprous 
chloride  formed  is  dissolved  in  the  excess  of  sodium  chloride,  and  conveits 
another  portion  of  silver  sulphide  into  chloride,  which  is  subsequently 
reduced  by  mercury,  and  finally  forms  an  amalgam  with  that  metaL 
The  copper  is,  ultimately,  chiefly  converted  into  sulphide,  and  mercorie 
sulphide  is  sometimes  also  found  in  the  torta ;  this  has  been  supposed  to 
be  the  result  of  the  action  of  mercurous  chloride  on  silver  sulphida  It 
has,  however,  been  shown  that  this  substance  may  be  produced  by  the 
direct  decomposition  of  silver  sulphide  by  metallic  mercuiy,  and  it  is 
highly  probable  that  this  reaction,  to  a  certain  extent,  takes  place  in  the 
torta.  It  has  been  contended,  by  persons  practically  acquainted  with 
patio  amalgamation,  that  silver  chloride  is  not  necessarily  formed  during 
the  process ;  but  the  various  phenomena  brought  forward  in  support  of 
this  view  appear  to  be  capable  of  being  otherwise  interpreted. 

Stovb  AMJkLQAMATiON. — In  somo  of  the  colder  and  more  humid 
districts  of  Mexico  a  modification  of  patio  amalgamation  has  been  some- 
times resorted  to.  The  ground  ore  from  the  arrastra  is  placed  in  a 
shed,  where  the  salt,  magistral,  and  mercury  are  added,  and  the  process 
is  conducted  in  the  usual  way.  When  the  operation  is  about  half  com- 
pleted it  is  removed  to  a  stove  (eetufa),  consisting  of  a  chamber  with  finea^ 
so  arranged  beneath  the  floor  as  to  communicate  to  the  mixture  the  heat 
of  a  fire-place  with  which  they  are  connected.  It  is  here  exposed  to  a 
gentle  heat  during  from  two  to  three  days,  and  is  then  taken  back  to  the 
shed,  where  the  operation  is  completed  by  the  ordinary  method  of  patio 
amalgamation.  In  this  way  the  time  necessary  for  the  reduction  of  the 
ore  is  diminished,  and  the  yield  of  silver  somewhat  augmented ;  the  loss 
of  mercury  is,  on  the  other  hand,  more  considerable. 

Hot  Process. — In  parts  of  South  America  where  the  ores  contain  a 
large  amount  of  native  silver,  or  where  that  metal  occurs  in  combination 
with  chlorine,  iodine,  or  bromine,  amalgamation  is  often  efTected  by  the 
eazo.  This  apparatus  consists  of  a  vessel  formed  either  of  blocks  of  stone 
or  of  wooden  staves,  like  those  of  a  tub,  the  bottom  of  which  is  made  of 
a  slab  of  copper  2^  inches  in  thickness,  which  becomes  gradually  thinned 
by  use.    This  metallic  bottom  is  retained  in  its  place  by  a  groove  running 
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lound  the  interior  of  the  yessel,  in  the  same  way  that  the  head  of  a  cask 
is  secured,  and  all  joints  are  carefully  luted  with  clay.  The  copper  plate 
Jests  upon  the  walls  of  the  hearth,  forming  the  roof  of  a  fire-place,  which 
has  neither  fire-bars  nor  chimney,  and  which  has  but  one  opening  for 
both  the  introduction  of  fuel  and  the  egress  of  smoke.  After  being 
roughly  stamped,  ores  intended  for  cazo  amalgamation  are  ground  in  the 
arrastra ;  but  as  they  are  subsequently  subjected  to  a  process  of  washing, 
care  is  taken  not  to  carry  the  operation  too  far.  The  ordinary  dimensions 
of  the  cazo  are  :  diameter  at  top,  3  feet  3  inches ;  at  bottom,  2  feet ; 
depth,  18  inches.  About  100  lbs.  of  concentrated  ore  forms  the  charge, 
in  which  it  is  mixed  with  as  much  water  as  will  oonvert  it  into 
a  paste.  When  the  contents  of  the  vessel  have  been  made  to  boil, 
from  5  to  10  per  cent  of  salt  is  added,  and  the  workman,  who  squats 
by  the  side  of  the  furnace  and  keeps  the  mixture  constantly  agitated 
with  a  wooden  stirrer,  begins  the  addition  of  mercury.  More  mercury  is 
from  time  to  time  added,  and  numerous  samples  are  taken  and  washed  in 
order  to  ascertain  to  what  extent  the  ores  have  become  exhausted  of  their 
silver.  The  total  amount  of  mercury  added  is  usually  twice  the  weight 
of  the  silver  supposed  to  be  contained  in  the  charge,  and  the  duration  of 
the  entire  operation  is  six  hours ;  the  liquid  contents  of  the  cazo,  together 
with  the  slimes,  are  now  dipped  out  into  reservoirs,  whence  they  are  sub- 
sequently removed  for  further  treatment  by  patio  amalgamation.  By 
this  process  the  silver  which  exists  in  the  ores  in  a  native  state,  as  well 
as  that  combined  with  chlorine,  iodine,  or  bromine,  is  readily  made  to 
unite  with  mercury,  but  silver  sulphide  does  not  easily  yield  its  metal  to 
eazo  amalgamation,  and  hence  the  necessity  of  re-treating  the  residues  in 
the  torta.  They  do  not,  however,  require  the  addition  of  magistral,  since 
they  contain  sufficient  chloride  of  copper  to  convert  the  whole  of  the 
silver  sulphide  into  chloride. 

In  the  district  of  Catorce,  Mexico,  the  dimensions  of  the  cazo  are  some- 
times much  enlarged,  and,  under  the  name  of  fondon^  this  contrivance  is 
somewhat  extensively  employed  for  the  reduction  of  argentiferous  ores. 
The  diameter  of  the  copper  bottom  of  the  fondon  is  from  5  feet  6  inches 
to  7  feet  6  inches,  and,  instead  of  the  necessary  motion  being  imparted  to 
the  charge  by  a  wooden  stirrer,  worked  by  hand,  it  is  obtained  by  blocks 
of  copper  dragged  over  the  bottom  by  an  arrangement  similar  to  the  arms 
of  an  arrastra.  It  may,  therefore,  be  regarded  as  an  arrastra  in  which 
the,  stone  paving  and  voladoras  are  replaced  by  a  plate  and  blocks  of 
metallic  copper,  to  which  a  mule  is  harnessed  in  the  ordinary  way ;  a 
fire-place  is  built  below  the  bottom,  which  is  provided  with  a  plug-hole 
for  tapping  off  the  slimes  at  the  termination  of  each  operation.  The 
charge  varies  from  1,200  to  1,500  lbs.,  and  its  treatment  is  completed  in 
six  hours,  as  in  the  case  of  cazo  amalgamation.  The  loss  of  mercury 
experienced  during  the  treatment  of  silver  ores  in  the  cazo  and  fondon  is 
extremely  small,  not  amounting  to  more  than  2  to  3  per  cent.,  since  by 
this  process  chloride  of  silver  is  finally  reduced  at  the  expense  of  the 
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copper  bottom  of  the  apparatus,  instead  of  by  the  action  of  meicuiy, 
as  in  patio  amalgamation. 

Barrel  Amalgamation. — The  amalgamation  of  silver  ores  hj  this 
ppocess  was  conducted  with  great  skill  and  economy  at  Halsbriicke,  near 
Freiberg,  from  the  year  1790  up  to  1856,  when  it  was  finally  abandcmed 
on  account  of  the  expense  of  manipulation  and  of  the  unsatisjbctoiy 
results  it  afforded  when  applied  to  certain  classes  of  ore.  The  changes  of 
more  than  half  a  century  had  also  so  modified  the  relations  originally 
existing  between  the  prices  of  labour,  fuel,  &c.,  that,  at  the  latter  date,  it 
was  found  advantageous  to  abandon  the  use  of  mercury,  and  to  smelt  the 
argentiferous  ores  with  others  containing  lead  The  usual  constituents  of 
the  ores  treated  at  Halsbriicke  are  sulphur,  antimony,  arsenic,  silver, 
copper,  lead,  iron,  and  zinc,  which  are  more  or  less  mixed  with  vaiioiu 
earthy  minerals,  besides  sometimes  containing  small  quantities  of  bis- 
muth, gold,  nickel,  and  cobalt.  In  the  selection  of  these  ores  they  were 
60  assorted  as  not  to  contain  above  4  per  cent,  of  lead,  or  1  per  cent  of 
copper,  as  these  metals,  when  combined  with  the  mercury,  give  to  the 
amalgam  a  pasty  consistency,  thereby  rendering  tlie  treatment  both  difficult 
and  expensive,  besides  lowering  the  fineness  of  the  retorted  bullion. 

The  different  ores  selected  for  amalgamation  varied  in  richness  from 
1 5  to  200  ounces  per  ton.  At  one  period  the  mixtures  of  these  ores  were 
so  arranged  that  the  charges  should  always  contain  from  75  to  80  ounces 
per  ton.  Latterly,  however,  it  became  usual  to  work  the  poor  and  rich 
oi'es  separately,  since  it  was  found  that  the  total  loss  of  silver  in  the 
residues  was  thereby  diminished. 

The  mixtures  of  the  poorer  ores  contained,  on  an  average,  from  30 1^ 
40  ounces  per  ton,  and  those  of  the  richer  ones  from  90  to  130  ounces  of 
silver  per  ton.  It  is  essential  that  both  mixtures  should  contain  a  certain 
minimum  proportion  (about  25  per  cent.)  of  sulphide  of  iron,  for  the 
formation  of  iron  sulphate,  which  is  necessary  to  the  success  of  the  roast- 
injif  process.  If  the  amount  of  iron  pyrites,  naturally  occurring  in  the 
ores,  did  not  equal  this  proportion,  addition  was  made  either  of  that 
mineral  or  of  ferrous  sulphate.  Frequently,  however,  the  ores  at  Freiheig 
contained  more  pyrites  than  was  required,  and  in  such  cases  some  of  the 
more  sulphurous  varieties  were  subjected  to  a  previous  roasting  without 
salt,  in  order  to  reduce  the  amount  of  sulphur  in  the  whole  to  the  right 
proportion. 

The  ore  when  prepared  was  laid  on  a  floor,  40  feet  in  length  and  13 
in  width,  and  on  the  top  of  it  was  thrown  10  per  cent  of  common  salt, 
which  was  let  down  from  another  room,  through  spouts  placed  in  the 
floor.  The  heap,  when  it  had  been  thus  made  up  of  alternate  strata  of 
ore  and  salt,  was  well  mixed  by  being  turned  over  with  a  shovel,  and 
then  passed  through  a  coarse  sieve.  It  was  subsequently  divided  into 
small  parcels,  each  weighing  from  4J  to  5  cwts.  The  salt  annually  era- 
ployed  for  this  purpose  at  the  Halsbriicke  works  amounted  to  500  tons, 
and  was  supplied  by  the  Prussian  salt  mines. 
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The  mixture  of  ore  and  salt  was  then  roasted  in  reverberatory  furnaces, 
provided  with  long  chambered  flues  for  the  reception  of  the  pulverulent 
matters  taken  over  bj  the  draught. 

The  prepared  charge  was  spread  on  the  bottom  of  the  hearth,  where 
it  was  at  first  gently  heated,  for  the  purpose  of  expelling  the  moisture 
which  it  invariably  contained.  During  the  drying,  which  occupied 
from  twenty  to  thirty  minutes,  the  charge  was  continuously  stirred  by 
a  long  iron  rake.  The  lumps,  which  were  formed  by  this  operation,  were 
then  broken  down  by  an  iron  beater,  provided  with  a  long  handle.  The 
heat  was  afterwards  raised,  white  fumes  were  given  off,  and,  in  about  two 
hours  from  the  commencement,  the  mass  had  become  red  hot.  The  charge 
was  occasionally  turned,  so  that  every  particle  of  ore  might  be  equally 
exposed  to  the  fire,  and  during  the  whole  time  the  mass  was  diligently 
stirred.  The  fire  was  now  allowed  to  burn  down,  and  the  oxidation  of 
the  sulphur  aided  by  constant  stirring.  This  went  on  without  inter- 
mission until  the  mass  became  quite  dark,  and  a  sample  taken  from  the 
furnace  no  longer  evolved  any  sulphurous  odour.  During  this  period  the 
ore  increased  in  volume,  and  the  particles  hung  so  loosely  together  that 
the  movement  of  the  rake  was  scarcely  at  all  impeded.  The  heat  was 
again  raised  for  three-quarters  of  an  hour ;  the  iron  sulphate,  formed  by 
the  oxidation  of  pyrites,  reacted  on  common  salt,  and  caused  the  evolution 
of  chlorine  and  hydrochloric  acid  gases,  which,  coming  in  contact  with 
various  silver  compounds,  converted  them  into  chloride.  Chlorides  of  the 
other  metals  present  were  at  the  same  time  formed,  together  with  sodium 
sulphate.  When  the  roasting  was  terminated,  the  charge  was  raked  from 
the  furnace  into  an  iron  barrow,  and  thence  removed  to  an  adjoining 
floor.  The  ore  was  afterwards  raised  to  an  upper  story  for  the  purpose 
of  being  passed  through  a  set  of  sieves,  by  which  the  finer  powder  was 
separated  from  the  agglutinated  lumps.  These  were  broken  to  a  proper 
size,  and  a  portion  re-roasted  by  adding  a  small  quantity  to  each  of  the 
ordinary  charges.  The  remainder  was  mixed  with  2  or  3  per  cent  of 
salt,  and  calcined  in  the  usual  way.  The  finer  particles,  which  passed 
through  the  sieves,  were  taken  to  heavy  millstones  and  reduced  to  the 
state  of  an  impalpable  powder. 

After  roasting,  the  charge  consisted  chiefly  of  oxide  of  iron,  basic  sul- 
phate of  iron,  and  protochlorides  and  perchlorides  of  iron  and  copper ; 
together  with  oxide  and  sulphate  of  copper,  sulphate  of  lead,  oxide  of 
antimony  and  zinc,  and  a  small  quantity  of  metallic  sulphides,  in  addi- 
tion to  gangue,  various  earthy  salts,  sulphate  of  sodium,  and  an  excess  of 
common  salt.  The  compounds  of  silver,  originally  present  in  the  mineral, 
were  converted  into  chloride,  with  the  exception  of  traces  of  metallic 
silver,  and  perhaps  also  of  a  minute  quantity  of  sulphide  of  silver,  which 
remained  in  the  residues.  The  charge  in  roasting  suffered  a  diminution 
in  weight,  amounting  to  about  10  per  cent,  due  to  the  escape  of  sul- 
phur, chlorine,  panicles  of  salt,  zinc,  antimony,  arsenic,  chloride  of 
iron,  &a 
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The  amalgamation  of  the  roasted  ores  was  performed  in  twenty 
wooden  casks,  arranged  in  four  rows,  each  turning  on  iron  gudgeons, 
secured  to  their  ends  by  iron  bolts.  These  barrels,  which  were  inter- 
nally 2  feet  8  inches  in  length,  2  feet  8 
inches  in  diameter  at  the  ends,  and  2  feet 
10  inches  in  the  middle,  were  made  of  pine, 
3^  inches  in  thickness,  and  strengthened 
by  iron  hoops  and  binders,  fig.  205.  On 
one  of  the  ends  of  each  barrel  was  a 
oothed-wheel,  w,  figs.  206,  207,  communi- 
cating with  a  shaft,  or,  which  received  its 
motion  directly  from  a  water-wheeL 

Above  each  of  the  barrels  was  a  wooden 
case,  C,  into  which  was  thrown  the  pre- 
pared charge.  To  the  bottom  of  this  case 
was  fixed  a  wooden  spout^  to  which  was 
attached  a  hose  made  of  strong  cloth,  and 
terminated  by  a  short  cylinder  of  tin-plate,  for  introducing  the  charge 
into  the  barrel,  £.  Each  cask  was  furnished  with  a  circular  opening, 
a  (figs.  205,  206),  5  inches  in  diameter,  fitted  with  a  wooden  plug, 
through  which  had  been  bored  a  small  hole,  for  running  off  the  argentifer- 


Fig.  205.— Amalgmnatiog  BftrreL 


Fig.  206.— Amalgamating  Barrels ;  tranaverM  section. 

ous  mercury  at  the  termination  of  the  process,  provided  with  a  pin  made 
of  hard  wood.  Below  the  barrels,  and  a  little  above  the  surface  of  the 
fioor,  were  triangular  troughs  destined  to  receive  the  residual  matters  at 
the  close  of  the  operation.  At  the  commencement  of  the  process  3  cwt^ 
of  water  were  run  into  each  barrel,  after  which  10  cwts.  of  the  roasted, 
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ground,  and  sifted  ores  were  introduced  through  the  hose,  h.  Each  cask 
contained  from  80  to  100  lbs.  of  wrought-iron,  cut  into  fragments  about 
1  inch  square  and  g  of  an  inch  in  thickness,  which,  in  proportion  as  they 
became  dissolved,  were  replaced  by  fresh  piece& 

As  soon  as  the  barrels  were  charged,  and  the  plugs  secured  in  their 
places  by  binding  screws,  they  were  thrown  into  gear  with  the  driving- 
wheel  by  a  screw  and  sliding  block,  h  (fig.  205),  and  made  to  rotate  at 
from  twelve  to  fifteen  revolutions  per  minute. 

At  the  expiration  of  two  hours  the  machinery  was  stopped,  for  the 
purpose  of  examining  the  state  of  the  metalliferous  paste.  If  the  charge 
was  too  stiff  a  little  water  was  added,  but  if,  on  the  contrary,  it  was 
found  to  be  too  soft,  a  small  quantity  of  ore  was  thrown  in.  When  this 
had  been  attended  to,  5  cwts.  of  mercury  were  poured  into  each  cask, 
and  the  barrel,  after  being  securely  closed,  was  again  thrown  into  gear, 
and  kept  constantly  revolving  for  about  sixteen  hours,  at  the  uniform  rate 


Fig.  207.~AmaIgamatiog  Barrels ;  seen  from  abore. 

of  thirteen  turns  per  minute.  During  the  first  eight  hours  of  this  period 
they  were  twice  examined  for  the  purpose  of  seeing  whether  the  paste 
was  of  the  proper  consistence,  for  if  too  thick  the  mercury  became  too 
finely  divided,  and  if  too  thin,  it  remained  at  the  bottom  of  the  cask,  and 
was  not  sufficiently  mixed  with  the  constituents  of  the  charge.  In  the 
first  case,  it  was  necessary  to  add  water;  and  in  the  second,  a  little 
powdered  ore.  After  the  introduction  of  the  mercury  the  temperature 
of  the  casks  was  raised  considerably  by  the  chemical  changes  going  on 
within,  so  that  even  in  winter  it  sometimes  stood  as  high  as  40**  C. 
At  the  expiration  of  eighteen  hours  the  amalgamation  was  ordinarily 
complete,  and  the  casks  were  then  entirely  filled  with  water,  and  again 
made  to  turn  during  from  one  and  a  half  to  two  hours  with  a  velocity 
of  only  six  or  eight  revolutions  per  minute.  The  mercury  was  thus 
separated  from  the  slimes  with  which  it  was  mixed,  and  collected  in  one 
mass  at  the  bottom  of  the  barrels.  When  this  union  of  the  globules 
of  mercury  had  been  accomplished,  the  different  casks  were  successively 
thrown  out  of  gear  and  stopped  with  their  apertures  uppermost.  The 
small  peg  in  the  bung  was  then  removed,  and  in  its  place  was  inserted  a 
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hollow  plug,  to  which  was  attached  a  leathern  hose,  with  a  screw-clasp 
for  choking  it  when  required  The  cask  was  then  turned  round  so  that 
the  plug,  a  (fig.  206),  was  over  the  spout,  o.  The  hose  being  put  into 
the  iron  tube,  p^  the  mercury  was  allowed  to  run  off  into  the  gutter,  v, 
by  which  it  was  conducted  to  a  receiver.  The  workman  closely  watched 
this  period  of  the  operation,  and  the  moment  any  earthy  matter  began 
to  flow,  the  orifice  was  again  tightly  closed.  The  casks  were  then  turned 
with  their  apertures,  a,  upwards,  the  small  hose-plug  was  remoyed,  and 
the  bung  loosened. 

The  bung-holes  were  afterwards  again  turned  downwards,  the  bungs 
withdrawn,  and  the  muddy  residuum  discharged  into  the  trough  imme- 
diately under  them,  from  which  it  flowed  into  large  washing-vats  placed 
below  the  level  of  the  barrels. 

During  the  first  two  hours  the  casks  were  in  motion,  and  before  the 
introduction  of  mercury,  the  perchlorides  contained  in  the  ore  were  re- 
duced to  the  state  of  protochlorides,  and  the  saline  matters  dissolved  by 
the  water  present  If,  instead  of  this,  the  mercury  had  been  introduced 
into  the  casks,  together  with  the  ore,  it  would,  by  reacting  on  feme 
chloride,  i&c.,  have  become  partially  converted  into  calomel,  resulting  in 
a  loss  of  that  metal  This  is,  however,  avoided  by  the  action  of  metallic 
iron,  as  the  resulting  ferrous  chloride  is  without  action  upon  mercuiy. 

The  chloride  of  silver  in  the  roasted  ore  is  decomposed  by  agitation 
with  the  metallic  iron  and  quicksilver ;  the  chlorine  combines  with  iron 
in  the  form  of  chloride  of  iron,  whilst  the  silver  is  dissolved  in  the  liquid 
mercury.  The  chlorides  of  lead  and  copper  which  may  be  present  are  also 
reduced  at  the  same  time  as  the  chloride  of  silver,  and  those  metals  enter 
into  the  composition  of  the  amalgam  obtained. 

The  slimes,  conducted  to  the  washing-vats  before  mentioned,  were 
mixed  with  an  additional  quantity  of  water,  and  kept  constantly  stined 
by  bars  attached  to  iron  arms  fixed  to  an  upright  shaft  in  the  centre  of 
each  vat,  and  turned  by  a  water-wheeL  These  vats  were  furnished  with 
openings  at  various  distances  from  the  bottom,  by  which  the  muddy 
water  was  successively  drawn  off  into  tanks,  where  the  solid  matters  were 
allowed  to  settle.  These,  if  they  contained  as  much  as  4^  ounces  of 
silver  to  the  ton,  were  removed  to  a  drying  floor,  and  subsequently  re- 
roasted  with  15  or  16  per  cent,  of  pyrites  and  5  or  6  per  cent  of  salt^ 
and  the  roasted  product,  after  sifting,  but  without  being  re-ground,  was 
subjected  to  amalgamation  in  barrels  for  a  somewhat  shorter  period  than 
the  original  ores. 

The  quicksilver  collected  in  the  bottom  of  the  washing-vats  wae 
drawn  off  every  five  or  six  weeks,  and,  on  account  of  the  lai^e  proportion 
of  impurities  it  contained,  was  treated  apart  from  the  ordinary  araalgsm 
obtained  by  tapping  the  barrels  when  the  working  of  the  charge  was 
finished.  This  was  afterwards  filtered  through  canvas  bags,  by  which 
the  liquid  quicksilver  was  separated  from  the  pasty  amalgam  retained 
by  the  closeness  of  the  web,  while  the  mercury  passed  through  into 
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suitable  reservoirs.  The  amalgam  which  was  collected  in  the  bags  con- 
sisted of  a  mixture  of  6  parts  of  mercury  and  1  of  an  alloy  composed  of 
about  80  per  cent:  of  silver  and  20  of  a  mixture  of  copper,  antimony,  zinc, 
lead,  and  other  metals.  This  amalgam  was  subsequently  heated  in  iron 
retorts,  and  the  mercury  separated  by  distillation  from  the  non-volatile 
constituents,  which  were  obtained  in  the  solid  form.  The  employment 
of  retorts  had  latterly  almost  entirely  superseded  the  iron  bells  at  one 
time  used  at  Freiberg  for  this  purpose.  Three  retorts  were  employed, 
and  in  each  were  placed  450  lbs.  of  amalgam  on  iron  plates,  which 
yielded  about  70  lbs.  of  sponge  or  plate  silver,  Tdler-nlber.  The  time 
required  to  complete  the  distillation  was  about  ten  hours.  The  silver 
thus  obtained  was  alloyed  with  various  other  metals,  which,  with  the 
exception  of  a  certain  proportion  of  copper,  were  removed  by  a  process 
of  refining. 

The  loss  of  silver  by  this  process  is  stated  to  have  been  from  5  to  9 
per  cent  of  the  amount  contained  in  the  ore,  and  the  mercury  expended 
varied  from  one-third  to  one-fourth  of  the  weight  of  silver  produced. 
According  to  Winkler,  the  average  loss  of  mercury  at  Freiberg  during  seven 
years  was  about  3  ounces  per  lb.  troy  of  silver  retained.  At  Constants, 
Spain,  the  loss  of  quicksilver  was  (1856)  8*9  ounces  per  lb.  of  silver,  and 
the  loss  of  the  latter  metal,  on  the  assay  produce,  12  per  cent.  At  Real 
del  Monte,  Mexico  (1864-65),  the  loss  of  mercury  was  7*6  ounces  per  lb. 
of  silver  obtained,  and  the  loss  of  silver  13  per  cent.  The  loss  of  mercury 
at  the  Ophir  Company's  Works,  Nevada  (1867),  was  2*96  ounces  per  lb. 
of  bidlion,  and  that  of  silver  10  per  cent,  on  the  assay  produce. 

The  cost  of  barrel  amalgamation  necessarily  varies  in  accordance  with 
the  nature  of  the  ores  treated,  and  with  the  locality  in  which  the  works 
are  situated.  At  Constante  the  total  cost  of  treating  one  ton  of  ore,  con- 
taining on  an  average  100  ounces  of  silver,  was  (1855)  £2,  5s.  6d.,  while 
at  Eeal  del  Monte  (1864-65)  it  amounted  to  about  £3,  10s.  per  ton.  The 
cost  of  treatment  by  barrel  amalgamation  at  the  Ophir  Works,  Nevada 
(1867),  was  $20-14  per  ton  of  2,000  Iba 

Washob  Process  op  Amalgamation. — Shortly  after  the  discovery  of 
rich  silver  mines  at  Virginia  City,  Nevada  (1859),  it  became  evident  that 
on  account  of  the  prevailing  high  prices  of  labour,  fuel,  forage,  and  all 
other  necessaries,  none  of  the  processes  employed  in  other  localities  for 
the  treatment  of  silver  ores  could,  in  that  district,  afford  profitable  results, 
if  applied  to  material  assaying  from  $30  to  $60  per  ton,  of  which  the 
Great  Comstock  lode  was  then  capable  of  yielding  vast  quantities.  Under 
such  circumstances  it  was  important  that  some  means  should  be  devised 
for  extracting  the  silver  from  such  ores,  without  the  preliminary  roasting 
required  for  the  barrel  process  on  the  one  hand,  and  without  the  great 
expenditure  of  mercury,  time,  and  labour  necessary  for  patio  amalgamation 
on  the  other.  In  addition  to  the  expense  and  other  disadvantages  of  the 
latter  process,  it  was  found,  after  numerous  trials  conducted  on  a  large 
scale,  that  the  climate  of  Nevada  materially  interfered,  during  a  large 
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portion  of  the  year,  with  the  chemical  reactions  of  the  torta.  The  experi- 
ments undertaken  with  a  view  of  overcoming  these  yarious  difficulties, 
finally  resulted  in  a  system  of  amalgamation  in  iron  pans,  which,  from 
haying  been  first  introduced  in  the  Washoe  district,  is  generally  known  as 
the  "  Washoe  process." 

The  applicability  of  this  method  to  the  treatment  of  argentiferous 
ores  depends,  to  a  yery  great  extent,  on  their  composition,  and  the  nature 
of  the  yarious  minerals  with  which  they  may  be  associated  The  yein- 
stone  from  the  Comstock  mines  chiefly  consists  of  crumbling  white  quartz, 
with  which  is  mixed  a  certain  amount  of  clay  and  country  rock.  A 
closer  inspection  generally  shows  the  presence  of  iron  and  copper  pyrites, 
and  a  still  more  careful  search,  if  aided  by  the  use  of  a  hand-lens,  reveals 
the  presence  of  blende,  galena,  and  aigentite.  More  rarely  stephanite  and 
polybasite  may  also  be  distinguished  among  the  minerals.  Specimens 
may  be  found  in  which  many,  or  all,  of  these  minerals  can  be  distinctly 
recognised.  Gold  occurs  in  the  ores  from  the  Comstock  vein  to  the 
amount  of  above  one-third  their  total  value. 

For  the  purpose  of  metallurgical  treatment  they  were  formerly,  and 
to  a  certain  extent  still  are,  divided  into  three  classes.  The  first  class 
embraces  those  ores  whose  assay  value  is  above  $150  per  ton  of  2,000 
lbs. ;  the  second  class  includes  ores  ranging  from  $90  to  $150  per  ton; 
,  and  the  third  class  comprehends  all  workable  ores  of  lower  value  than 
the  foregoing,  the  average  assay  value  varying  considerably  in  di£ferent 
mines.  The  silver  of  ores  of  the  first  class  is  so  intimately  associated 
with  lead,  antimony,  arsenic,  iron,  and  other  base  metals,  as  to  render 
its  extraction  difficulty  and  they  consequently  cannot  be  profitablj 
treated  by  the  simple  processes  to  which  the  more  docile  ores  of  the 
second  and  third  classes  are  subjected.  Ores  of  the  first  class  are  not^  at 
present,  of  frequent  occurrence,  but  formerly  they  were  crushed  dry, 
roasted  with  common  salt  in  reverberatory  furnaces,  and  amalgamated  in 
barrels.  The  ores  of  the  second  and  third  classes  are  treated  by  the 
Washoe  or  pan  process ;  the  chief  differences,  where  any  exist,  in  the 
details  of  treatment  of  the  two  classes  being  in  the  time  required  for 
amalgamation,  and  in  the  amount  of  quicksilver  and  "  chemicals"  em- 
ployed. 

The  ore  treated  by  the  Washoe  process  is  raised  from  the  mines  in 
fragments  of  various  dimensions,  and  before  being  subjected  to  amalga- 
mation requires  to  be  brought  to  a  state  of  minute  division.  Blake's 
mechanical  stone-breakers  are  employed  for  reducing  them  to  a  suitable  sixe 
for  feeding  into  stamping-mills,  in  which  they  are  usually  crushed  wet  to 
the  istate  of  fine  sand,  and  thence  pass  off,  in  suspension  in  water,  throagh 
iron  screens  perforated  with  small  holes,  and  are  collected  in  suitable 
reservoirs,  from  which  they  are  subsequently  removed  for  the  purpose  of 
being  ground  in  cast-iron  pans  with  hot  water  and  mercury,  with  or 
without  the  addition  of  chemicals.     The  amalgam  thus  obtained  is  sepa- 
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rated  from  redundant  quicksilver  by  straining,  and  afterwards  retorted, 
and  the  residual  alloy  melted  into  bars. 

Stamping-Mill, — The  stamping-mill  consists  of  a  series  of  heavy  iron 
pestles,  which  are  successively  lifted  to  a  height,  varying  from  9  to  12 
inches,  and  allowed  to  fall  with  their  full  weight  on  the  ore  beneath 
them.  These  stampers  are  enclosed  in  a  mortar  or  battery-box  of  cast- 
iron,  which  is  kept  constantly  supplied  with  ore,  from  which  it  can  only 
escape  by  passing  through  screens,  the  degree  of  fineness  of  the  apertures 
in  which  regulates  its  state  of  division.  The  mortars  are  rectangular 
in  form,  and  usually  contain  five  stampers,  forming  what  is  called  a 
'*  battery ; "  they  are  supported  on  a  solid  wooden  foundation,  and  the 
whole  machine  is  established  within  a  substantial  framework  of  timber. 
Motion  is  given  to  the  stampers  by  a  series  of  cams  keyed  on  a  cam-shaft 
placed  immediately  in  front  of  the  battery,  which  is  made  to  revolve, 
either  by  water  or  steam  power. 

Fig.  208  is^  front  elevation  of  two  five-stamp  batteries,  and  ^g.  209 
a  transverse  section  of  the  same  machine,  on  the  line  A  £.  These  draw- 
ings have  been  reduced  from  the  work,  published  by  the  United  States 
Government,  on  the  *  Mining  Industry  of  the  Fortieth  Parallel,'  *  under 
the  direction  of  Mr.  Clarence  King.  The  stampers  move  vertically 
between  guides  of  hard  wood,  G,  ^,  forming  part  of  the  battery-frame. 
The  foundation  for  the  battery  consists  of  heavy  timbers,  F,  standing 
vertically,  placed  close  to  one  another,  and  firmly  bolted  together;  the 
side  timbers,  T,  and  the  battery-posts,  C,  are  seciuely  fastened  to  the 
foundation,  being  strengthened  by  the  iron  bars,  R,  and  stays,  D.  The 
mortars,  M  (fig.  208),  are  placed  directly  on  the  foundation  of  vertical 
mortar-blocks,  and  are  secured  by  bolts,  as  shown  in  the  figures.  The 
mortar  most  generally  employed  for  wet  crushing  is  a  cast-iron  box,  from 
4  to  5  feet  in  length,  3  feet  6  inches  in  depth,  and  about  12  inches  in 
width,  inside  measure,  cast  in  one  piece.  The  feed-opening,  ^,  through 
which  the  ore  to  be  crushed  is  introduced,  is  about  4  inches  in  width 
and  nearly  as  long  as  the  mortar.  On  the  opposite  side  is  the  discharge 
aperture,  furnished  with  a  screen,  t,  through  which  the  crushed  ore  is 
made  to  pass.  This  opening  also  is  nearly  of  the  same  length  as  the 
mortar ;  the  lower  edge  being  raised  from  2  to  3  inches  above  the  tops  of 
the  dies,  d^  fig.  209.  The  screen  is  attached  to  a  wooden  frame,  7,  which 
is  secured  in  grooyes  cast  in  each  end  of  the  mortar,  and  by  two  lugs,  o, 
cast  in  front  of  the  discharge  opening ;  it  is  firmly  held  in  its  place  by 
the  wedges,  w.  Screens  are  sometimes  placed  vertically,  but  they  are 
more  frequently  inclined,  as  shown  in  fig.  209.  They  may  be  made  of 
brass  wire-cloth,  having  from  forty  to  sixty  meshes  to  the  lineal  inch,  but 
for  wet  crushing,  sheet-iron,  perforated  with  holes  varying  from  -^  to  -^j^ 
of  an  inch  in  diameter,  is  preferred.  A  piece  of  canvas  or  sheet-iron 
is  hung  loosely  before  the  screens,  to  prevent  splashing. 

1  '  Mining  Indutiy  of  the  Fortieth  ParaUel,  hj  James  D.  Hague,  witl)  geological 
oontribtttioua  by  Clarence  King.     Waabington,  1870. 
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The  mortar  is  furnished  with  dies,  d,  so  fixed  in  the  bottom  as  to 
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Fig.  208.— Stamping-Mill ;  front  elevation. 

receive  the  blows  of  the  stampers,  and  to  sustain  the  wear  which  in 
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their  absence  would  be  experienced  by  the  mortar  itself.     Each  die 
is  a  cylindrical  block,  about  6  inches  in  height,  and  corresponds  in 


Fig.  909.— Btunpiiig-MiU ;  MoUan  on  A  & 

diameter  with  the  shoe  of  the  stamper,  which  falls  upon  it.     In  order 
toke^p  it  in  its  place  the  lower  end  is  cast  with  a  square  flange,  which 
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fits  into  the  bottom  of  the  mortar  and  prevents  it  from  moving.  Some- 
times, also,  those  parts  of  the  mortar  which  are  exposed  to  constant  wear 
have  a  lining  of  cast-iron  plates,  which,  like  the  dies,  can  be  taken  out 
and  replaced  when  necessary.  The  top  of  the  mortar  is  covered  with 
planks,  q,  resting  on  flanges  cast  on  the  inside,  which,  meeting  in  the 
middle,  have  semicircular  notches  in  each,  so  as  to  form  apertures, 
through  which  the  stems  of  the  stampers  work. 

Each  stamper  consists  of  a  stem  or  lifter,  s,  a  head,  h,  attached  to  the 
lower  end  of  the  stem,  and  a  shoe,  e,  which  sustains  the  wear  of  the 
operation,  and  can  be  readily  changed  when  required  It  is  also  pro- 
vided with  a  collar  or  tappet,  /,  by  which  the  revolving  cam,  c,  lifts  the 
stamper  previous  to  its  fall.  The  stem  is  a  turned  bar  of  wrought-iron, 
about  3  inches  in  diameter  and  from  10  to  12  feet  in  length. 

The  stamp-head  is  a  cylindrical  piece  of  cast-iron,  8  inches  in  diameter 
and  15  in  length,  hooped  at  either  end  with  wrought-iron ;  this  hoop  is 
shrunk  into  a  recess,  so  that  it  does  not  project  beyond  the  general  surface 
of  the  cylinder.  In  its  upper  end  is  a  slightly  conical  socket  correspond- 
ing with  the  axis  of  the  cylinder,  in  which  the  stem  is  secured  by  wooden 
wedges.  In  the  lower  end  of  the  head  is  another  socket,  into  which  is 
secured,  in  the  same  way,  the  shank  of  the  shoe,  which  is  a  cylinder  of 
hard  cast-iron  of  the  same  diameter  as  the  head,  and  6  inches  in  length ; 
this  is  provided  with  a  tapering  shank  5  inches  long.  At  the  bottom  of 
the  sockets  in  the  head  for  the  reception  both  of  the  end  of  the  stem  and 
shank  of  the  shoe,  an  oblong  hole  is  cast  across  the  diameter,  for  the  par* 
pose  of  drifting  them  out  when  necessary. 

The  collar  or  tappet,  i,  is  a  cylinder  of  cast-iron,  8  inches  in  length, 
bored  out  so  as  to  closely  fit  the  stem,  to  which  it  is  tightly  secured, 
either  by  a  gib  and  keys  or  by  some  other  contrivance. 

The  rotatory  motion  imparted  to  the  stamper  by  the  friction  of  the 
cam  against  the  tappet  is  one  of  the  advantages  afforded  by  the  use  of 
round  stems  and  shoes,  and  has  not  only  the  effect  of  increasing  the 
grinding  power  of  the  machine,  but  also  causes  both  the  shoe  and  die  to 
wear  more  evenly  than  when  the  stamper  falls  without  such  a  circular 
motion.  The  cams,  c,  are  curved  arms  keyed  to  a  shaft,  K  (fig.  208),  so 
placed  in  front  of  the  battery  that  by  its  revolution  they  are  successively 
brought  in  contact  with  the  tappets  on  the  different  stampers,  causing 
them  to  be  raised  to  a  height  determined  by  the  length  of  the  cam,  and 
fall  to  at  the  moment  of  release.  In  the  silver  districts  of  Nevada  the 
cams  are  generally  double-armed,  as  shown  in  the  woodcuts,  although 
single-armed  cams  are  also  employed  The  form  of  a  single-arm  cam 
will  be  seen  on  reference  to  the  elevation  of  a  stamping-mill  employed 
for  tieating  gold  quartz  (fig.  222).  Motion  is  communicated  to  the 
cam-shaft  by  the  pulley,  P,  keyed  upon  one  end  of  it,  from  which  a 
broad  belt,  made  of  canvas  and  india  rubber,  passes  over  another  pulley,  p, 
on  the  driving-shaft,  k;  this  belt  is  tightened  by  the  puUoy,  m.  The 
order  in  which  the  stampers  are  made  to  fall  is  not  always  the  same ;  in  a 
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five-stamp  battery,  however,  a  common  arrangement  is  first  to  let  fall  the 
middle  stamper^  then  the  end  one  on  the  right,  then  the  second  on  the 
left,  afterwards  the  second  stamper  on  the  right,  and,  finally,  that  on 
the  extreme  left  When  it  becomes  necessary  to  hang  a  stamper,  so 
that  the  cam  may  revolve  without  reaching  the  tappet,  it  is  supported  by 
the  articulated  prop  or  stud,  n,  of  which  there  is  one  for  each  stamper, 
arranged  on  a  small  iron  shaft  placed  across  the  battery  and  passing 
through  the  uprights,  to  which  it  is  secured.  Each  stud  is  of  such  a 
length  as,  when  placed  under  the  tappet,  to  support  the  stamper  at  a 
height  of  about  an  inch  above  the  highest  throw  of  the  cam.  In  order 
to  bring  this  stud  into  this  position  the  workman  lays  a  stick,  about  1} 
inch  in  thickness,  on  the  face  of  the  cam  as  it  rises  towards  the  tappet, 
and  holds  it  there  while  the  stamper  is  being  lifted.  It  is  thus  raised 
sufficiently  high  to  allow  of  the  support  being  dropped  into  its  place, 
which  being  done,  the  tappet  is  hung  above  the  reach  of  the  cam.  When 
it  is  desired  to  again  set  the  stamper  in  motion  the  operation  is  repeated, 
the  stud  being  withdrawn  at  the  moment  when  the  stick  placed  on  the 
face  of  the  cam  has  lifted  the  tappet  clear  of  its  support. 

The  weight  of  the  stampers  in  most  general  use  is  from  600  to 
700  lbs.;  their  nsnal  speed  is  from  60  to  90  blows  per  minute,  and 
their  ordinary  drop  from  9  to  12  inches.  The  higher  the  speed  of  the 
stampers  the  smaller  is  the  amount  of  drop  given  to  them.  A  mill  of  this 
description,  discharging  through  screens  of  the  usual  degree  of  fineness, 
will,  on  an  average,  pulverize  two  tons  of  ordinary  ore  from  the  Comstock 
lode,  per  stamper,  in  twenty-four  hours. 

The  amonnt  of  water  required  in  the  battery  varies  with  the  character 
of  the  ore  and  with  the  degree  of  fineness  to  which  it  is  to  be  reduced. 
The  usual  consumption  in  the  Washoe  district  is  from  250  to  300  cubic 
feet  per  ton  of  rock  treated ;  but  this  includes  the  water  used  in  the 
pans,  which  does  not  pass  through  the  batteries.  In  California  and 
throughout  the  gold-regions  of  the  Pacific  coast  the  stamping-mill 
employed  for  the  reduction  of  auriferous  quartz  is  similar,  in  all  essential 
particulars,  to  that  above  described,  and  it  will  consequently  require  no 
further  description  when  the  treatment  of  gold  ores  has  to  be  considered. 
The  ore  to  be  stamped  is  often  supplied  to  the  mill  by  a  shovel  through 
the  aperture,  /,  but,  as  a  rule,  such  machines  are  now  constructed  with 
self-feeding  appliances. 

Dry  crushing  now  often  replaces  wet  stamping  in  the  treatment  of 
argentiferous  ores,  and  in  such  cases  the  fine  powder  which  passes  through 
the  screens  of  the  battery  is  usually  removed  by  an  exhausting  fan  and 
collected  in  dust-chambers.  This  method  of  crushing,  although  slower 
and  more  expensive  than  where  water  is  employed,  is  usually  preferred 
when  the  ground  ore  is  to  be  chloridized  previous  to  being  amalgamated 
in  pan&  Among  its  other  advantages  dry  crushing  obviates  the  loss  of 
finely  divided,  floury  ore,  which  is  always^  to  some  extent^  carried  off 
by  the  water  passing  through  the  settling-pits  of  the  wet  stamping-milL 
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Many  of  tiie  more  modem  mills,  both  for  wet  and  dry  stamping,  are, 
for  the  purpose  of  facilitating  the  egress  of  the  ground  material,  furnished 
not  only  with  screens  in  front,  but  also  at  the  back,  below  the  level  of 
the  feed-opening. 

Settling-Tanks. — The  stuff  discharged  from  the  battery  is  conveyed, 
in  suspension,  by  the  water  escaping  through  the  screens,  by  troughs, 
to  settling-tanks,  of  which  there  is  a  series  arranged  in  front  of  the 
stamping-milL  These  tanks,  which  are  generally  constructed  of  planks, 
are  6  or  7  feet  square  and  from  3  to  4  feet  in  depth ;  they  are  so  disposed 
as  to  communicate  with  one  another,  near  the  top,  in  such  a  way  that  the 
stream  carrying  the  crushed  ore  in  suspension,  after  passing  one  tank, 
flows  into  the  next  one  below,  and  so  on  from  one  to  another.  A  deposit  of 
the  solid  material  thus  takes  place  in  each  tank,  until  the  water  flowing 
from  the  last  in  the  series  escapes  in  a  comparatively  clear  state.  The 
number  of  tanks  must  be  sufficient  to  allow  of  some  of  them  being 
emptied,  whilst  others  are  collecting  the  crushed  ore,  and  the  troughs 
in  connection  with  them  are  provided  with  gates^  by  which  a  certain 
number  can  be  shut  off  from  the  others  when  required.  In  this  way  the 
bulk  of  the  coarser  solid  particles  is  deposited  in  the  tanks ;  but  the 
water  which  escapes  is  still  charged  with  slimes,  consisting  of  ore  reduced 
to  a  state  of  impalpable  division,  and  which  can  only  be  collected  by  a 
process  of  settling  extended  over  a  considerable  time.  For  this  purpose 
the  steam  is  conducted  either  through  another  series  of  large  settling' 
tanks  or  into  a  laige  settling-pond  outside  the  mill  The  slimes  thus 
collected  form  an  important  but  variable  proportion  of  the  total  amount 
of  ore  crushed,  and  in  some  instances  represent  as  much  as  10  per 
cent  of  the  material  operated  on ;  but  although  they  afford,  by  assay, 
a  considerable  yield  of  silver,  they  were  not  for  some  time  treated 
with  profitable  results.  As  soon  as  one  of  the  tanks  becomes  filled 
with  finely  divided  ore,  the  stream  is  diverted  into  others  which  have 
space  for  a  further  supply,  and  the  full  tank  is  cleaned  out,  the 
crushed  ore  being  then  subjected  to  grinding  and  amalgamation  in  the 
pan. 

Pom, — ^The  pans  employed  vary  considerably  in  the  details  of  con- 
struction, but  all  essentially  consist  of  a  round  tub^  the  bottom  of  which 
is  of  cast-iron,  but  of  which  the  sides  are  sometimes  of  wood.  A  faoliov 
pillar  is  cast  in  the  centre,  within  which  is  a  vertical  shaft  projecting 
above  its  top,  and  to  which  motion  is  communicated  by  gearing  situated 
below  the  pan  bottom.  Td  the  top  of  this  shaft  is  keyed  a  yoke  or 
driver,  by  which  the  muller,  or  upper  grinding-sur&ce,  is  made  to  re- 
volve. On  the  inside  of  the  pan  is  fixed  a  false  bottom  of  iron,  cast 
either  in  sections,  called  "  dies,"  or  in  one  piece  which  has  a  diameter 
somewhat  less  than  that  of  the  pan ;  this  has  an  aperture  through  which 
rises  the  central  pillar.  The  false  bottom  furnishes  the  lower  gnnding- 
surface  of  the  machine.  The  muller,  forming  the  upper  grinding-sucface, 
is  a  circular  plate  of  cast-iron,  corresponding  in  size  with  the  false 
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bottom,  and  having  a  flat,  conical^  or  conoidal  surface,  according  to  the 
shape  of  the  pan  bottom. 

There  are  various  contrivances  for  raising  or  lowering  the  muller,  in 
order  that  it  may  rest  its  whole  weight  on  the  bottom,  so  as  to  produce 
the  greatest  grinding  effect,  or  be  maintained  at  any  desired  distance 
from  it^  when  less  friction  or  more  agitation  is  required.  I^umerous 
devices  have  also  been  adopted  for  communicating  a  proper  motion  to  the 
pulp,  so  that  when  the  muller  is  in  action  the  material  may  be  constantly 
kept  in  circulation,  passing  between  the  grinding  surfaces  and  coming  in 
contact  with  the  mercury  with  which  the  pan  is  charged  Some  pans  are 
cast  with  double  bottoms,  with  an  intermediate  space  for  the  admission 
of  steam  for  the  purpose  of  heating,  while  in  others  '*  live  steam  "  only 
is  employed,  which  is  conducted  directly  into  the  pulp  through  an  iron 
pipe. 

The  flat-bottomed  pans  of  Vamey  and  Wheeler,  and  that  of  Hepburn 
and  Peterson,  with  a  conical  bottom,  have  been  long  employed  with 
satisfactory  results,  although  since  1860  other  makers  have  introduced 
new  pans,  of  which  the  characteristic  features  are  increase  of  size  and 
great  simplicity  of  construction.  Among  these  the  large  flat-bottomed 
pans  of  M'Cone,  Horn,  and  Fountain  are  worthy  of  notice,  as  combining 
economy  in  first  cost  and  a  capacity  which  enables  them  to  treat  in  the 
same  time  a  much  larger  quantity  of  ore  than  could  be  worked  in  the 
pans  formerly  employed. 

Yamey's  pan,  which  is  still  much  used,  is  represented  in  ^gs,  210, 
211,  212,  of  which  the  first  is  an  elevation,  the  second  a  vertical  section, 
and  the  third  a  view  from  above.  The  body  of  this  amalgamator  consists 
of  a  tub.  A,  4  feet  4  inches  in  diameter  and  18  inches  deep,  with  a  cover, 
B,  in  which  is  an  opening  for  the  introduction  of  the  crushed  ore  to  be 
ground  and  amalgamated.  The  pan  is  supported  on  suitable  iron  frame- 
work, and  has  a  central  conical  tube,  D  (fig.  211),  cast  in  one  with  it,  ex- 
tending from  the  bottom  to  a  short  distance  above  the  cover,  through  the 
interior  of  which  is  a  hole  passing  vertically  through  the  pan,  in  order 
that  the  shaft,  C,  may  work  within  it.  On  the  bottom  of  the  pan,  and 
secured  to  it  by  the  bolts,  e,  is  fixed  the  lower  muller,  a,  consisting  of  a 
circular  cast-iron  plate,  having  a  round  hole  in  the  centre  considerably 
laiger  than  the  base  of  the  tube,  D.  This  die  or  false  bottom  may,  if  de- 
sirable, be  cast  in  sectiona  That  portion  of  the  aperture  through  the  lower 
muller  not  occupied  by  D  is  filled  with  wood,  ^,  so  as  to  present  a  flat 
surface  from  the  tube  to  the  circumference.  The  diameter  of  the  muller 
is  somewhat  less  than  that  of  the  interior  of  the  pan,  by  which  means  a 
space,  a\  ia  lef t^  to  be  filled  with  quicksilver.  Above  the  lower  muller  is 
the  upper  one,  &,  of  similar  general  form  and  size,  having  twelve  shoes,  e, 
the  form  and  relative  position  of  which  will  be  understood  by  supposing 
a  plate,  of  the  diameter  and  thickness  of  the  lower  muller,  attached  to 
the  under  side  of  the  upper  one,  to  be  sawn  into  twelve  equal  parts  on  lines 
drawn  from  the  circuinf erence  of  the  plates  to  the  outside  of  the  tube,  D. 
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The  saw  must  also  be  supposed  to  be  inclined  at  an  angle  of  about 
forty-five  degrees,  thus  producing  grooves  from  the  central  opening  to  the 
periphery. 

Each  shoe  is  fastened  to  the  upper  muller  either  by  a  bolt^  /,  or  bj  a 
wrought-iron  rivet  cast  into  the  shoe  and  riveted  into  a  counter-dnk 
in  the  upper  side  of  the  muller,  as  seen  in  fig.  211 ;  the  bosses  and 
recesses,  y,  keep  the  die  firmly  secured  in  its  place. 

In  the  lower  muller  are  radial  slots,  similar  to  those  in  the  upper 
one.  These  slots  may  be  either  inclined  or  perpendicular  to  the  surbce 
of  the  plate,  and  are  filled  with  wood,  set  with  the  grain  perpendicular 


^=«=^ 


Fig.  210.— Vamey's  Fan ;  eleratioxL. 

to  the  plate.  This  wears  slightly  in  advance  of  the  surface  of  the  die, 
thus  forming  cavities  for  the  admission  of  pulp,  by  which  the  giinding 
capacity  of  the  machine  is  increased. 

Over  and  around  D,  but  not  in  contact  with  it,  is  the  larger  conical 
tube,  E,  perpendicular  to  the  lower  face  of  the  upper  muller,  and  having 
around  its  lower  extremity  the  flange,  V,  upon  which  rests  the  ring,  A, 
forming  part  of  the  upper  muller.  This  is  connected  with  the  muller 
proper  by  six  curved  arms,  i,  two  pairs  of  which  are  nearer  together  than 
the  others,  and  the  space  between  them  is  filled  by  a  projection  from  the 
periphery  of  the  flange,  V,  for  the  purpose  of  carrying  with  it  the  upper 
muller  when  the  flange  makes  a  revolution.     With  the  shaft,  G,  the 
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larger  casting,  E,  is  coDnected  by  the  key,  k^  and  the  set-screws,  I,  in  the 
boss,  G.  The  shaft,  G,  passes  through  a  babbet-metal  bearing  at  m,  and 
through  the  boss,  F,  of  the  driving-wheel,  in  which  is  a  key  sliding 
vertically  in  the  shaft.  This  shaft  is  stepped  into  the  vertical  sliding- 
box,  H,  which  is  itself  held  in  the  box,  o.  The  step-box  rests  upon  an 
iron  bar,  one  end  of  which  is  supported  by  the  bolt,  «,  fig.  212,  and  the 
other  is  connected  with  a  screw  and  hand-wheel,  x^  by  which  it  can  be 
either  raised  or  lowered,  at  the  same  time  raising  or  lowering  the  upper 
muUer. 

Within  the  body  of  the  pan  are  suspended  three  curved  plates,  r. 


Fig.  211.— Vamey's  Pan  ;  vertical  section. 


extending  from  near  the  surface  of  the  upper  muller  upwards,  and 
stretching  in  length  from  the  inner  side  of  the  pan  around  to  a  point 
near  the  outside  of  the  larger  boss,  opposite  to  that  from  which  they 
started.  The  lower  edges  of  these  plates  are  bent  inwards,  as  shown  at 
«,  forming  flanges,  and  the  inner  ends  secured  to  the  ring,  g,  which  is  of 
sufficient  diameter  to  surround  the  tube,  E,  without  touching  it.  The 
whole  is  suspended  by  iron  rods  attached  to  each  plate,  which,  passing 
through  the  cover,  can  be  adjusted  by  the  hand-wheels,  J.  The  outer 
ends  of  the  curved  plates  slide  vertically  in  grooves  in  the  projections,  t^ 
fig.  212,  cast  upon  the  inner  side  of  the  pan. 

The  method  of  working  the  pan  is  as  follows  : — The  space,  a',  around 
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the  periphery  of  the  lower  muller,  is  charged  with  quicksilver,  and  the  pan 
is  nearly  filled  with  a  mixture  of  water  and  stamped  ore  or  ''  pulp/'  in  such 
proportions  as  to  form  an  easily  flowing  paste.  The  upper  muller  is  now 
made  to  rotate  at  a  speed  of  from  sixty  to  eighty  revolutions  per  minute. 
By  the  centrifugal  force  thus  developed  the  pulp  between  the  mulleis  is 
made  to  pass  through  the  radial  channels  left  by  the  dies,  as  well  as 
between  the  grinding-surfaces  of  the  mullers  themselves,  and  coming  con- 
tinually in  contact  with  the  mercury,  with  which  the  machine  is  charged, 
amalgamation  is  effected.  This  outward  motion  of  the  pulp  prevents  the 
mercury  from  coming  into  contact  with  the  grinding-surfaces,  by  which 
it  would  be  broken,  and  a  considerable  loss  be  the  result. 


Fig.  218.»Varney'8  Pan ;  as  seen  from  above. 

The  rotation  of  the  upper  muller  causes  the  pulp  in  the  pan  to  revolve 
with  it,  and  this  current,  being  met  by  the  curved  plates,  r,  is  directed 
towards  the  aperture  in  the  centre  of  the  upper  muller.  The  radial 
slots  between  the  shoes  allow  currents  to  pass,  with  a  sufficient  velocity, 
to  produce  a  partial  vacuum,  by  which  the  pulp  in  the  bottom  of  the 
pan  is  set  in  motion,  causing  a  rapid  and  abundant  flow  downwards  at 
the  centre  and  upwards  around  the  periphery  of  the  pan.  In  this  way 
the  pulp  is  ground,  and  made  to  circulate,  until  the  pulverization  of  the 
ore  and  amalgamation  of  the  precious  metals  have  been  effected. 

The  Hepburn  and  Peterson  pan  haa  a  capacity  about  equal  to  that  of 
the  Yamey  pan,  but  the  form  of  the  bottom  is  that  of  an  inverted  cone. 
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This  bottom  is  lined  with  four  conical  dies,  secured  in  their  places  in  the 
usual  way,  and  is  never  made  with  a  steam-chamber,  steam  being  always 
introduced  directly  into  the  pulp  by  a  pipe  from  the  boiler.  In  the 
centre  is  a  hollow  pillar,  through  which  passes  the  driving-shaft  The  form 
of  the  upper  muUer  corresponds  with  that  of  the  bottom,  and  it  has,  in  the 
centre,  a  hollow  vertical  cone  by  which  it  is  connected  with  the  driver. 
Its  under  side  is  furnished  with  shoes,  between  which  are  left  radial 
passages  for  the  circulation  of  the  pulp.  There  are  also  radial  grooves 
between  the  shoes,  cast  in  the  muller  itself,  so  that  when  they  have  been 
reduced  in  thickness  by  use  there  may  stiU  be  a  sufficient  channel  for 
the  passage  of  pulp.  A  similar  passage  is  left  between  the  dies  lining 
the  interior  of  the  bottom.  The  movable  inverted  cone,  to  which  the 
shoes  are  attached,  is  raised  or  lowered  by  a  screw  and  hand-wheel, 
the  bottom  of  the  screw  resting  on  the  top  of  the  driving-shaft,  with 
which  the  boss  of  the  bottom  pillar  is  connected  by  a  sliding  key.  In 
this  apparatus  circulation  of  the  pulp  is  efi^Bcted  without  the  use  of 
the  wings  or  guides  employed  for  that  purpose  in  some  other  pans. 
When  this  pan  is  in  action  the  pulp,  passing  between  the  grinding- 
surfaces  from  the  centre  to  the  circumference,  is  made  to  descend  towards 
the  centre ;  this  movement  being  promoted  by  the  shape  of  the  pan  and 
the  motion  of  the  muller-plate.  The  muller  is  worked  at  the  rate  of 
from  sixty  to  seventy  revolutions  per  minute.  The  pans  of  M'Cone, 
Horn,  and  Fountain  are  flat-bottomed,  and  of  larger  dimensions  than 
those  above  described ;  they  are  sometimes  provided  with  steam-chambers 
beneath  the  bottom.  The  charge  of  the  smaller  pans  is  from  1,200 
to  1,500  lbs.,  but  those  of  M'Cone  and  Fountain,  which  are  5  feet  in 
diameter  and  25  inches  in  depth,  will  work  charges  of  from  4,000  to 
5,000  lbs. 

In  charging  a  pan  the  upper  muller  is  raised  a  short  distance  from  the 
bottom,  water  is  supplied  by  a  hose-pipe,  and  ore,  from  the  settling-pits, 
is  at  the  same  time  thrown  in.  The  mixture  is  now  heated,  either  by 
blowing  steam  into  it  or  by  a  steam-chamber.  In  the  latter  case  it  is  some- 
what difficult  to  obtain  the  moet  desiiable  temperature  (85^  C.) ;  on  the 
other  hand,  when  live  steam  is  blown  directly  into  the  pan,  attention  is 
necessary  to  prevent  the  charge  from  becoming  too  liquid,  from  the 
accumulation  of  condensed  water.  To  avoid  this,  in  many  mills,  the 
temperature  of  each  charge,  after  being  first  raised  by  the  admission 
of  live  steam,  is  subsequently  maintained  by  means  of  a  steam-jacket. 
The  iJLuller  is  gradually  lowered,  and,  in  the  course  of  about  two  hours, 
the  ore  will  have  attained  the  state  of  a  fine  pulp.  When  this  has  been 
accomplished,  or,  in  some  mills,  at  the  beginning  of  the  operation, 
mercury  is  introduced.  This  is  done  by  pressing  it  through  a  piece  of 
canvas,  by  which  it  becomes  equally  spread  over  the  surface  of  the 
pulp  in  the  form  of  minute  globules.  The  amount  thus  added  is 
generally  from  60  to  70  lbs.  to  an  ordinary  charge  of  from  1,200  to 
1,500  lbs.  of  ore.      The  muller  is  now  raised,  so  as  to  act  rather  as 
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an  agitator  than  as  a  grinder,  and  this  action  is  continned  during  two 
hours. 

With  the  view  of  promoting  amalgamation,  it  is  usual  to  add  to  the 
charge,  either  at  the  time  of  its  introduction  into  the  pan  or  shortly 
afterwards,  various  materials  generally  known  as  ''chemicals,"  and  which 
usually  consist  of  cupric  sulphate  and  common  salt ;  the  quantity  of  each 
employed  in  different  establish  men  ts  varies  considerably,  but  is  usually 
from  1  to  3  lbs.  to  each  charge  of  ore.  The  action  of  these  substances, 
however,  is  but  imperfectly  understood,  and  their  efficiency  is  open  to 
doubt,  since  in  many  mills  in  which  both  cupric  sulphate  and  common 
salt  were  formerly  employed  the  use  of  one  or  the  other  has  been  discon- 
tinued, without  in  any  way  affecting  the  results.  In  other  cases  the 
employment  of  chemicals  has  been  altogether  abandoned,  and  yet^  under 
all  these  varying  circumstances,  an  equally  good  production  of  silver  has 
been  realized. 

After  two  hours  grinding,  and  from  two  to  three  more  hours  employed 
in  amalgamation,  the  operation  is  usually  regarded  as  complete,  and  the 
contents  of  the  pan  are  run  off  into  a  separator  or  settler.  The  dischai^ge 
of  the  pan  is  facilitated  by  the  addition  of  water,  supplied  under  pressure, 
through  a  flexible  hose,  which,  at  the  same  time,  dilutes  the  pulp  and 
allows  it  to  flow  readily  into  the  separator.  After  having  been  emptied 
and  washed  out  by  a  stream  of  water,  the  pan  is  supplied  with  a  fresh 
charge  of  ore,  and  the  operation  of  grinding  is  at  once  resumed. 

At  stated  times,  or  whenever  it  is  desired  to  ascertain  the  exact  yield 
of  a  parcel  of  ore  which  has  been  under  treatment,  the  pans,  settlers,  and 
all  other  apparatus  containing  amalgam,  are  thoroughly  cleaned  up  For 
this  purpose  the  muUers  must  be  raised,  the  shoes  and  dies  removed,  and 
all  the  parts  scraped,  in  order  to  remove  the  hard  amalgam  adhering  to 
the  surfaces.  In  many  cases,  above  one-fourth  of  the  total  amount  of 
bullion  yielded  by  the  ore  is  obtained  in  this  way. 

Separators. — Separators  or  settlers,  figs.  213,  214,  like  pans,  differ  to 
a  certain  extent  in  the  minor  details  of  construction,  but  are  generally 
round  tubs,  of  either  wood  or  iron,  with  cast-iron  bottoms,  and  resemble 
pans  in  their  general  features,  although  considerably  larger,  being  about 
10  feet  in  diameter.  A  hollow  cone,  C,  fig.  214,  is  cast  on  the  centre 
of  the  bottom,  through  which  passes  the  vertical  shafts  S,  which  is  con- 
nected with  gearing  below  the  tub.  To  its  upper  extremity  is  attached 
the  yoke  or  driver,  D,  which  gives  motion  to  arms.  A,  extending  from  the 
centre  nearly  to  the  circumference.  These  arms  carry  a  number  of  ploughs 
or  stirrers,  P,  usually  made  of  hard  wood,  which  rest  lightly  on  the  bottom, 
and  when  in  motion  communicate  to  the  pulp  the  amount  of  agitation 
necessary  for  facilitating  the  separation  of  any  mercury  or  amalgam  with 
which  it  may  be  mixed.  This  stirring  apparatus  makes  from  twelve  to 
fifteen  revolutions  per  minute. 

The  separator  is  placed  in  front  of  the  pans,  but  at  a  lower  level,  so 
that  the  latter  may  be  conveniently  discharged  into  it.     In  some  establish- 
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ments  two  pans  are  discharged  at  the  same  time  into  one  settler,  in  which 
case  the  operation  occupies  the  same  length  of  time  as  the  grinding  and 
amalgamation  of  a  charge  in  the  pan,  or  from  four  to  five  honrs.  In 
other  mills  only  about  two  hours  are  allowed  for  settling,  and  the  two 
pans  connected  with  each  settler  are  discharged  into  it  alternately. 

The  water  employed  in  discharging  the  pan  considerably  dilutes  the 
consistency  of  the  pulp,  and  this  dilution  is  often  further  increased  by  the 
addition  of  fresh  quantities  during  the  progress  of  the  operation.  The 
degree  of  fluidity  of  the  pulp,  and  the  speed  of  the  stirrers,  materially 
affect  the  results,  since  if  the  paste  be  too  thick  the  amalgam  and  quick- 
silver will  remain  in  suspension,  and  if,  on  the  contrary,  it  be  too  thin, 


Fig.  818.— Sepantor ;  as  seen  from  above. 

sand  will  settle  with  them  on  the  bottom  of  the  vessel.  It  is  evident 
that  a  too  rapid  or  a  too  sluggish  motion  of  the  revolving  arms  would 
produce  similar  effects.  The  degree  of  dilution  yielding  the  most  satis- 
factory results  with  a  given  speed  of  the  agitator  can  only  be  determined 
by  experience.  A  discharge-hole,  near  the  top  of  the  tub,  allows  the 
lighter  portions  of  the  pulp  to  flow  of^  and  at  successive  intervals  the 
point  of  discharge  is  lowered  by  withdrawing  a  lower  plug  from  a  series 
of  holes,  A,  in  the  side  of  the  settler.  In  this  way  the  whole  of  the 
materials^  with  the  exception  of  amalgam  and  quicksilver,  are  finally 
removed.  The  two  latter  are  subsequently  collected  by  the  aid  of  various 
devices.     There  is  for  this  purpose  generally  a  groove  in  the  bottom  of 
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the  separator,  leading  to  the  bowl,  B,  from  which  the  fluid  amalgam  may 
be  dipped ;  or  it  may  be  drawn  off  by  removing  the  plug,  p,  from  the  end 
of  the  outlet-pipe.  The  quicksilver,  charged  Mrith  amalgam,  is  cleaned  by 
repeated  washings  with  water,  and  by  carefully  removing  from  its  surface 
any  particles  of  sand,  pyrites,  &c.,  that  may  adhere  to  it.  In  some  milk 
the  cleaning  of  the  quicksilver  and  amalgam  is  effected  in  a  small  iron 
pan,  resembling  a  settler  in  its  construction,  in  which  it  is  washed  by 
slow  agitation  with  plenty  of  clean  water.  When  sufficiently  cleansed, 
the  amalgam  is  separated  from  the  redundant  mercury  by  straining  through 
a  canvas  bag,  of  the  form  and  dimensions  of  that  employed  in  Mexico 
for  a  similar  purpose,  which  has  been  described  when  treating  of  patio 
amalgamation. 


Fig.  214.— Separator ;  vartieal  soction. 

AgitaioT, — After  leaving  the  separators  the  pulp  is  passed  into  wooden 
tubs,  varying  from  6  to  12  feet  in  diameter,  and  from  2  to  6  feet  in  depth, 
in  which  are  collected  small  portions  of  mercury  and  amalgam,  as  well  as 
heavy  particles  of  undecomposed  ore,  which  have  been  carried  off  in  the 
pulp  discharged  from  the  separators.  A  simple  stirring  apparatus,  some- 
what resembling  that  of  the  separator,  keeps  the  material  in  a  state  of 
gentle  agitation ;  the  revolving  shaft  carries  four  arms,  and  makes  from 
ten  to  fifteen  revolutions  per  minute.  Some  establishments  have  several 
agitators,  in  many  cases  only  one  is  used,  while  in  others  they  are  entirely 
dispensed  with.  The  stuff  that  accumulates  on  the  bottom  is  shoveUed 
out,  at  intervals  of  three  or  four  days,  and  is  again  worked  over  in  the 
pans.     Beyond  the  agitators  are  blanket-sluices  and  various  other  con- 
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trivances  for  concentrating  and  collecting  the  more  yaluable  portion  of  the 
tailinga 

Betorting  and  Melting. — ^The  amalgam  having  been  strained  in  bags, 
and  pressed,  in  order  to  expel  as  much  as  possible  of  the  fluid  quicksilver, 
is  subjected  to  a  process  of  distillation,  by  which  the  remaining  portion 
is  separated  from  the  gold  and  silver.  The  cast-iron  retort  employed  for 
this  purpose  is  from  2^  to  3  feet  in  length,  and  from  9  to  12  inches  in 
diameter,  the  casting  being  about  1^  inch  in  thickness.  This  rests  either 
on  two  heavy  cast-iron  bearers,  the  ends  of  which  are  built  into  the  brick- 
work, or  on  an  arch  of  fire-bricks,  and  is  placed  beneath  another  arch, 
from  the  crown  of  which  the  products  of  combustion  are  carried  off  to 
a  chimney,  through  rectangular  apertures  in  communication  with  a  flue. 
The  open  end  is  fitted  with  a  cover  like  that  of  a  coal-gas  retort,  and 
from  the  other  end  an  iron  tube  carries  off  the  volatilized  mercury.  This 
is  screwed  to  a  downcast  pipe,  and  is  so  arranged  that,  by  means  of  screw 
stoppers,  every  facility  is  afforded  for  cleaning  the  pipes.  The  vertical 
tube  is  enclosed  within  another,  so  as  to  form  a  Liebig  condenser,  through 
which  a  current  of  cold  water  is  constantly  passed,  the  heated  water 
escaping  at  the  top. 

The  downcast  pipe  opens  into  a  small  chamber  without  a  bottom, 
sufficiently  immersed  in  a  vessel  of  water  to  keep  it  air-tight,  but  only  to 
such  a  depth  as  to  prevent  the  occurrence  of  accidents  from  the  passage 
of  water  up  into  the  heated  retort 

This  retort  is  provided  with  cast-iron  semi-cylindrical  trays,  which 
are  easily  slid  into  their  places,  and  are  generally  divided  into  two  parts 
by  a  transverse  partition.  In  some  cases  the  amalgam  is  introduced 
directly  into  the  retort,  the  use  of  trays  being  dispensed  with. 

Before  the  amalgam  is  placed  in  the  retort  or  trays,  the  interior  is 
coated  with  a  thin  wash  of  clay  or  of  milk  of  lime,  or  a  lining  of  paper 
may  be  employed  instead.  By  this  precaution  the  retorted  amalgam  is 
prevented  from  adhering  to  the  iron,  and  much  trouble  avoided.  The 
amalgam,  having  been  placed  in  the  retort,  the  cover  is  luted  either  with 
clay  or  with  a  mixture  of  clay  and  wood  ashes,  and  is  fastened  in  its 
place  by  a  screw-clamp,  or  otherwise  A  fire  is  now  lighted,  and  the  heat 
slowly  and  gradually  raised,  until  the  retort  assumes  a  bright  cherry-red 
colour,  and  is  so  maintained  until  mercury  ceases  to  distil  over.  This 
usually  occurs  at  the  expiration  of  eight  hours,  and  the  charge  of  amalgam 
operated  on,  at  one  time,  may  vary  from  800  to  1,200  lbs.  The  retort 
is  now  allowed  to  cool  gradually,  and,  when  sufficiently  cold,  the  crude 
bullion  is  withdrawn.  This  amounts  to  about  one-sixth  the  weight  of 
the  original  charge. 

A  form  of  retort  frequently  employed  in  the  neighbourhood  of 
Virginia  City  is  represented,  in  longitudinal  section,  in  fig.  215.  The 
ash-pit.  A,  is  beneath  the  fire-place,  B,  which  communicates,  by  the 
flues,  a,  with  the  chamber,  5,  enclosing  the  retort,  C,  from  which  the 
products  of  combustion  are  conveyed  by  the    flues,   c,   through  the 
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cavity,  d,  to  the  chimney.  These  flues  have  regulating  dampen  m 
as  to  keep  the  retort  uniformly  heated  throughout  its  lengtL  The 
tuhe,  D,  conducts  the  mercurial  vapours  to  the  vertical  pipe,  £^  where 
they  are  condensed  hy  the  current  of  cold  water  flowing  through  F. 
The  condensed  mercury  collects  in  the  reservoir,  G,  from  which  it  is 
drawn  off  through  an  iron  pipe.  Any  mercurial  vapours  that  may  escape 
through  leakage,  or  the  removal  of  the  door,  are  collected  hy  the  hood,  ^ 
and  conveyed  to  the  chimney.  The  arrangement  for  securing  the  dooT, 
g,  is  similar  to  that  employed  for  gas-retorts.  The  trays,  h,  are  used 
for  holding  amalgam,  and  the  iron  hraces  for  hinding  the  hrickwork  are 
indicated  hy  the  letter/. 

The  retorted  amalgam  is  hroken  up,  melted,  and  cast  into  ingots,  the 


Fig.  216.— Retort  and  Setting ;  longitudinal  section. 

fusion  heing  most  commonly  effected,  with  the  addition  of  a  little  borax, 
in  an  ordinary  plumbago  crucible.  The  loss  in  weight  experienced  in 
melting  retorted  amalgam  is  between  2  and  3  per  cent.  The  ingots  thus 
obtained  are  chipped  and  assayed  in  the  usual  way,  and  commonly  con- 
tain, in  1,000  parts,  24  parts  of  gold  and  840  of  silver,  the  remaining 
136  thousandths  consisting  chiefly  of  copper. 

Tailings,^ — The  pulp,  after  issuing  from  the  settlers,  in  which  it  has 

1  The  term  "tailings"  is  applied  to  the  pulpy  and  sandy  residues  which  es^pe 
from  the  separator  or  agitator  after  the  treatment  of  ores  by  pan  amalginstioB. 
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been,  as  far  as  possible,  separated  from  amalgam  and  mercury,  is  variously 
treated  in  different  mill&  In  some  the  whole  mass  is  passed  through 
agitators,  for  the  purpose  of  collecting  a  portion  of  the  amalgam,  mercury, 
and  undecomposed  sulphides  carried  off  from  the  separators.  In  others 
concentrators  of  various  kinds  are  employed  with  a  similar  object,  by 
the  use  of  which  a  certain  amount  of  undecomposed  sulphides  is 
obtained  in  a  concentrated  form.  In  cases  where  there  is  a  sufficient 
supply  of  water,  and  the  inclination  of  the  surface  admits  of  such  an 
arrangement^  blanket-sluices  are  laid  down,  over  which  the  stream  of 
tailings  is  allowed  to  flow ;  the  heavier  and  more  valuable  particles  being 
arrested  by  the  blankets.  Dams  are  also  constructed  at  convenient 
points  for  the  accumulation  of  tailings,  which,  after  exposure  to  the 
weather  for  several  months,  may  be  again  worked  at  a  profit 

The  ordinary  yield' obtained  by  pan  amalgamation  varies  between  65 
and  70  per  cent  of  the  assay  value  of  the  ore,  and  this,  by  the  subsequent 
treatment  of  slimes  and  tailings,  is  sometimes  increased  to  85  or  90 
per  cent.  In  the  Washoe  district  the  cost  of  treatment,  where  water 
power  is  employed,  is  from  $5  to  $5.50,  and  in  steam-mills  from  |6  to 
$6.75  per  ton.  The  tailings,  dec,  collected  in  the  various  reservoirs 
established  for  that  purpose,  contain,  on  an  average,  by  assay,  gold 
and  silver  of  the  value  of  |15  per  ton,  from  which  |9.75  are  extracted, 
by  re-treatment  at  an  expense,  in  steam-mills,  of  about  $5.50  per  ton. 

Chemical  Reactions  of  the  Washoe  Process, — Mr.  James  D.  Hague, 
who  has  carefully  investigated  this  subject,  has  arrived  at  the  following 
conclusions :  ^ — 

That  the  ores  treated  chiefly  consist  of  native  gold,  native  silver,  and 
sulphides  of  silver,  associated  with  varying  proportions  of  blende  and 
galena. 

The  action  of  sodium  chloride  and  cupric  sulphate  produces  in  the 
pan  cupric  chloride. 

The  presence  of  metallic  iron  causes  the  formation  of  cuprous 
chloride. 

Both  cupric  and  cuprous  chlorides  assist  in  the  reduction  of  the 
ore,  by  the  chloridizing  of  silver  sulphide,  and  by  decomposing  blende 
and  galena. 

Cupric  sulphate  augments  the  amalgamating  energy  of  mercury  by 
the  formation  of  small  quantities  of  copper  amalgam,  and  also  tends  to 
remove  lead  from  the  quicksilver. 

Notwithstanding  the  action  of  these  reagents,  as  above  indicated,  the 
quantities  usually  added  in  the  Washoe  mills  are  too  small  to  produce 
any  very  beneficial  results. 

Mercury  and  iron,  under  the  influence  of  heat  and  friction,  are  the 

Bj  *'alimet  '*  is  genenUy  nndentood  those  portioni  of  the  ore  whieh  have  been 
reauced  in  the  battery  to  inch  an  impalpable  itate  aa  to  lie  carried  through  the 
■ettling  tanks  in  suspension  in  water.    The  more  pulpy  portions  of  tailinp  are  some- 
times called  **pan-8Umes.'* 
1  '  Ifining  Industry  of  the  Fortieth  Parallel.'  p.  293. 
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chief  agents  in  the  extraction  of  the  precious  metak  by  the  Washoe 
process. 

It  is  an  essential  oondition  that  the  mercury  be  kept  perfectly  bright 
and  pure,  in  order  to  effect  direct  contact  of  that  metal  with  silver 
sulphide  and  metallic  iron. 

In  the  Washoe  process  the  consumption  of  mercury  is  chieflj 
mechanical,  the  loss  through  chemical  action  being  comparatively  small 

Oenercd  Arrangement  ofBeducUon  Works.  — The  batteries  are  commonlj 
arranged  in  one  straight  line,  behind  which,  on  the  feed  side,  is  the 
breaking-floor,  where  the  ore  is  reduced  to  a  suitable  size  for  the  stamping- 
mill,  either  by  a  mechanical  stone-breaker  or  by  hammers.  When  the 
slope  of  the  ground  permits  such  an  arrangement,  large  bins  axe  fre- 
quently constructed  at  a  higher  level  behind  ike  breaker,  into  which  aro 
tipped  the  contents  of  the  waggons  bringing  ore  out  of  the  mines.  The 
stamping-mills  discharge  the  crushed  ore  into  troughs,  which  convey  it 
to  settling-tanks  standing  in  front  of  the  batteries,  and  a  platform  is 
provided  for  the  reception  of  the  ore  shovelled  out  of  the  tanks. 

In  the  majority  of  cases  the  pans  axe  arranged  in  a  straight  line, 
parallel  to  the  batteries,  while  the  separators  stand  in  another  line  parallel 
to  the  pans,  and  on  a  sufficiently  lower  level  to  admit  of  the  contents 
of  the  pans  being  tapped  directly  into  them.  Below  the  separators 
are  the  agitators,  or  other  contrivances  for  preventing  the  escape  of  ore 
and  amalgam.  Power  is  communicated  from  a  steam-engine  or  water- 
wheel,  either  by  gearing  or  by  belting,  to  a  shaft  in  front  of,  and  parallel 
with  the  batteries.  On  this  shaft  are  pulleys  opposite  to  those  on  the 
several  cam-shafts,  to  which  motion  is  communicated  by  suitable  belting. 
The  same  shaft  imparts  motion,  through  a  counter-shaft  and  belting  to 
the  stone-breaker  and  pan&  For  the  purpose  of  working  the  latter  a 
line  of  shafting  is  arranged  under  them,  from  which  the  various  sepa- 
rators and  agitators  are  also  driven  by  belting  and  pulleys. 

The  power  required  for  each  stamper  of  ordinary  weight  is  about 
l^-horse,  whilst  that  necessary  for  each  pan  varies  from  3-  to  G-boise 
power,  according  to  its  size  and  construction.  The  expenditure  per  ton 
of  ore  stamped,  ground,  and  amalgamated  varies  according  to  the  size  of 
the  mill  and  the  degree  of  perfection  of  its  arrangements,  but  may  be 
taken  on  an  averse  at  2-hoi8e  power. 

In  Arizona  and  Sonora  some  mills  are  arranged  on  Boss's  system, 
which  dispenses  with  the  operation  of  tank  shovelling.  The  pans  are 
arranged  in  sets  of  eighty  each  one  being  connected  with  that  next  below 
it  by  an  overflow  pipe  placed  7  inches  below  the  top  edge  of  the  tub. 
The  coarse  sand  in  the  battery  pulp  is  separated  by  a  current  sizing 
apparatus,  and  passed  through  Nos.  1  and  2  pans,  where  it  is  ground 
fine  without  mercury,  and  then  to  No.  3,  which  also  receives  the  fine 
slimes  from  the  battery.  Mercury  is  fibrst  added  in  No.  3,  and  is  also 
used  in  the  remaining  five  pans,  Nos.  4  to  8,  but  the  grinding  is  only 
continued  as  far  as  No.  5,  the  last  three  pans  being  worked  with  the 
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muUerd  lifted  The  ore  passes  through  the  whole  series  of  pans  in  four 
hours.  About  200  lbs.  of  fresh  mercury  are  added  to  each  pan  at 
intervals  of  two  hours ;  this  is  done  by  hydraulic  pressure,  the  mercury 
being  contained  in  a  closed  tank,  which  is  connected  by  a  system  of 
pipes  with  the  pans  on  one  side  and  with  the  mud  drums  at  the  bottom 
of  the  steam  boilers  on  the  other. 

In  Kroncke's  process,  used  at  Antofagasta  and  Copiapo  in  Chili,  the 
ore,  which  need  not  be  previously  roasted,  but  must  be  finely  pulverized 
and  dried,  is  treated  with  a  freshly  prepared  solution  of  cuprous  chloride 
in  common  salt,  mercury,  and  zinc-  or  lead-amalgam,  in  banels  like  those 
of  the  Freiberg  process,  but  much  larger,  holding  from  3  to  4  tons  instead 
of  10  cwts.  Only  sufficient  water  is  used  to  bring  the  chaige  to  the  con- 
sistence of  a  moderately  stiff  paste,  and  the  cuprous  chloride  solution  is 
allowed  to  act  upon  the  ore  for  about  half  an  hour  before  the  mercury 
and  zinc  are  added.  The  operation  is  finished  in  about  six  hours,  when 
the  amalgam  is  collected  and  cleaned  in  the  usual  way.  The  use  of  zinc 
and  lead  prevent  loss  of  mercury  by  decomposing  calomel  with  the  pro- 
duction of  the  chlorides  of  the  less  valuable  metal,  and  they  are  also 
supposed  to  expedite  the  amalgamation  by  electro-chemical  action.  Lead 
is  only  used  when  the  ores  contain  native  chloride  and  bromide  of  silver. 

The  Stbtepbldt  Furnace. 

In  many  localities  the  most  expensive  item  in  the  cost  of  working 
first-class  ores  by  barrel  amalgamation  was  roasting  or  chloridizing, 
which  alone  was  in  the  Washoe  district  generally  estimated  at  about  $15 
per  ton.  Some  years  since  a  furnace  was  invented  by  Mr.  Stetefeldt, 
of  Austin,  which  at  one  time  promised  to  effect  a  considerable  saving 
in  the  expense  of  this  operation.  Its  action  consists  in  allowing  very 
finely  pulverized  ore,  mixed  with  common  salt,  to  fall  against  a  current 
of  heated  air  rising  through  a  shafts  by  which  the  particles  of  the  metallic 
sulphides  are  transformed  into  oxides,  whilst  sulphurous  anhydride  is 
evolved  By  the  action  of  this  and  watery  vapour  on  common  aalt^ 
hydrochloric  acid  is  generated,  and  by  the  reaction  of  this  acid  on  the 
oxides,  metallic  chlorides  are  obtained 

The  chemical  action  of  this  apparatus  is  very  similar  to  that  of  the 
xeverberatory  furnace,  but,  as  the  ore  is  made  to  fall  in  a  shower  of 
finely  divided  particles,  it  is  more  thoroughly  exposed  during  its  descent 
to  oxidizing  and  chloridizing  influences.  In  consequence  of  this  its 
action  is  stated  to  be  very  rapid  and  complete,  while  the  expenditure 
of  labour  is  said  to  be  small 

This  furnace  consists  of  a  shaft,  20  feet  in  height  and  from  3  to  4 
feet  square  at  the  base.  At  two  opposite  sides  are  fire-places,  from  which 
short  flues  communicate  with  the  main  shaft.  At  the  top  is  the  feeding 
apparatus,  which  supplies  a  continuous  shower  of  the  ore  in  a  state  of 
extreme  division.    At  a  short  distance  below  the  top  of  the  shaft  is  a 
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flue,  tlirough  which  the  gases  escape,  and  by  which  they  are  conducted  to 
a  series  of  chambers,  where  any  portions  of  the  ore  which  may  haye 
been  carried  over  by  the  draught  are  deposited.  An  auxiliary  fire- 
place, in  communication  with  the  flue,  serves  the  double  purpose  of 
keeping  up  the  temperature  and  of  extending  the  region  of  chemical 
action. 

A  discharging-door  is  left  at  the  bottom  of  the  main  shaft,  whence 
the  principal  portion  of  the  ore  is  withdrawn.  Similar  doors  are  arranged 
at  convenient  points  along  the  main  flue,  and  communicate  with  the 
several  chambers.  The  chimney  for  the  final  escape  of  the  gases  at  the 
end  of  the  dust-chambers  is  about  40  feet  in  height  * 

The  ore  is  mixed  with  salt  on  a  drying  floor,  and  then  crushed  by 
dry  stamping.  It  is  afterwards  raised  by  an  elevator  to  the  hopper  of 
the  feeding  apparatus  at  the  top  of  the  furnace,  whence  it  is  supplied 
continuously  to  the  chloridizing  column.  The  temperature  of  this  is 
maintained  as  uniform  as  possible,  the  heat  employed  being  sufficient  to 
keep  the  ore,  which  accumulates  at  the  bottom,  constantly  red  hot  Mr. 
Stetefeldt  states  that  the  results  of  the  actual  working  experience  of  one 
of  his  furnaces,  which  he  erected  at  Reno,  go  to  show  that  it  gets 
through  a  larger  amount  of  work  with  a  smaller  expense  for  labour,  foel, 
and  salt^  than  any  apparatus  previously  employed  for  the  purpose.  It 
has  been  further  stated  that  90  per  cent,  of  the  silver  present  in  the  ore 
is  converted  into  chloride.  One  of  these  furnaces,  worked  by  eight  men, 
is  said  to  have  accomplished  the  chloridizing  of  as  much  ore  as  ten  le- 
verberatory  furnaces  requiring  the  labour  of  thirty-eix  men.  The  fuel 
consumed  in  the  Beno  furnace  averaged  about  two  cords  of  wood  in 
twenty-four  hours,  and  treated  an  amount  of  ore  per  diem  which,  in 
ordinary  calciners,  would  require  the  consumption  of  ten  cord&  From 
3  to  6  per  cent,  of  salt  was  required,  according  to  the  richness  of  the  ore; 
while  in  the  reverberatory  furnace  at  least  twice  that  quantity  would  be 
necessary.  It  is  also  maintained  that  the  bullion  produced  from  ores 
roasted  in  this  furnace  contains  less  impurity  than  that  from  those  treated 
in  the  ordinary  way,  and  consequently  that  it  is  well  adapted  for  work- 
ing ores  containing  a  large  amount  of  "base  metal"  The  expense  of 
roasting  1  ton  of  ore  with  salt  in  the  Seno  furnace  was,  in  1870,  given 
as  between  ^6  and  $7 ;  but  it  was  expected  that  this  cost  would  be 
materially  reduced  by  the  application  of  certain  projected  improvements. 

The  woodcuts,  figs.  216,  217,  afford  a  tolerably  correct  idea  of  the 
construction  of  the  furnace  at  Reno,  a.  Shaft  through  which  the  ore  falls ; 
6,  top  of  shaft,  on  which  the  feeding  apparatus  is  arranged ;  r,  damper, 
inserted  when  the  screens  of  the  feeding  machinery  are  exchanged;  d, 
door  through  which  the  roasted  ore  is  discharged  upon  the  coohng  floor; 
e,  fire-places ;  /,  flue  through  which  the  gases  escape ;  ^,  triangular  fine- 
bridges  of  cast-iron ;  hy  cast-iron  plates,  forming  the  bottom  of  the  fine, 
and  which  allow  the  dust,  which  settles  in  this  part  of  the  apparatos,  to 
fall  into  the  chamber,  t;  k,  discharging  door;  ^,  fire-place,  which  heats 
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the  lower  portion  of  the  flue,//  m,  flue  connected  with  the  dust-chamber, 
o;  fly  discharging  doors. 

The  principal  dust-chamber  is  24  feet  long,  8  feet  wide,  and  10  feet 
high ;  from  this  the  gases  pass  under  the  floor  of  a  kiln,  on  which  the 
ore  and  salt  are  dried,  39  feet  in  length  and  7  in  width,     A  flue  3  feet  4 


Fig.  216.— Stetefeldt  Furnace ;  vertical  section. 

inches  wide,  4  feet  6  inches  high,  and  about  180  feet  in  length,  leads 
from  the  drying-kiln  to  an  iron  chimney,  2  feet  6  inches  in  diameter, 
situated  on  the  hill-side.  The  top  of  this  chimney  rises  40  feet  above 
that  of  the  furnace.  Tbe  flre-places  and  arches  are  built  of  fire-bricks, 
but  the  other  parts  of  the  apparatus  with  common  bricks.     The  walls  are 


Fig.  217.— stetefeldt  Furnace  ;  secticn  on  A  B. 

built  double,  with  spaces  between  them,  and  the  furnace  is  bound  with 
iron  rails  and  |-inch  rods. 

At  first  much  difficulty  was  experienced  in  providing  suitable  feeding 
apparatus.  (Jerstenhofer's  feeder,  consisting  of  fluted  rollers,  which  force 
the  ore  through  slits  on  the  top  of  the  furnace,  was  not  found  to  answer, 
as  it  caused  the  ore  to  fall  in  lumps,  which  arrived  at  the  bottom  of  the 

2  Z 
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shaft  in  an  almost  unaltered  state.  This  is  caused  by  the  tendency  pos- 
sessed by  the  particles  of  all  finely  pulverized  minerals  to  adhere  to  one 
another  if  a  slightly  compressed  mass  be  allowed  to  fall  through  the  air. 

After  various  trials  the  apparatus  for  this  purpose  was  arranged  as 
follows : — 

A  hollow  cast-iron  frame,  kept  cool  by  a  small  stream  of  water,  rests 
on  top  of  the  furnace.  In  this  frame  is  a  cast-iron  grating,  covered  by  a 
screen  of  finely  punched  sbeet-iron,  similar  to  those  employed  for  wet 
crjiishing.  Immediately  above  the  punched  screen  is  another,  made  of 
coarse  wire-cloth,  fastened  to  a  movable  frame.  This  is  provided  vith 
flanges  resting  on  adjustable  rollers  on  the  outside  of  the  hopper,  and 
receives  a  reciprocating  motion  from  a  crank.  The  throw  of  this  is  1| 
inch,  and  in  order  to  avoid  the  motion  of  a  stratum  of  pulverized  ore 
with  the  coarse  sieve,  a  number  of  thin  iron  blades  are  so  arranged  across 
the  hopper  that  their  lower  edges  almost  touch  the  upper  surface  of  this 
sieve.  These  blades  keep  the  finely  divided  ore  from  being  displaced 
when  the  crank  is  in  motion,  while  the  meshes  of  the  iron  screen  cut 
through  it  and  cause  its  particles  to  fall  through  the  apertures  of  the 
punched  screen  beneath.  The  number  of  revolutions  of  the  crank-shaft 
varies  from  thirty  to  seventy  per  minute,  and  the  ore  is  thus  regularly 
and  continuously  introduced  into  the  furnace. 

In  the  newer  forms  of  this  furnace  the  shaft  and  dust  flue  are  raised 
above  the  ground  upon  piers  and  terminate  below  in  hoppers,  which  dis- 
charge the  roasted  ore  into  waggons  placed  below.  They  are  made  with 
shafts,  30  to  40  feet  high,  and  roast  from  20  to  40  tons  of  ore  in  twenty- 
four  hours. 


Ahaloamation  of  Eefractort  Ores  in  Montana. 

In  the  territory  of  Montana  large  quantities  of  silver  ore  containing 
a  little  gold  are  raised.  These  ores,  consisting  mainly  of  sulphides  of 
silver,  antimony,  copper,  lead,  and  zinc,  are  locally  known  as  "base  ores,"" 
the  assay  of  which  varies  from  40  to  50  ounces  of  silver,  and  from  3J  to 
10  dwts.  of  gold  per  ton  of  2,000  lbs.  The  mill  arrangements  for  the 
treatment  of  these  ores  usually  include  grizzlies  or  screens,  stone-breakeis, 
drying  cylinders  and  flues,  automatic  stamp-feeders,  dry  stamping-mills, 
chloridizing  furnaces,  amalgamating  pans,  settlers,  and  bullion  retorts. 
The  drying  cylinders  under  the  grizzlies  and  stone-breakers,  usually 
of  wrought-iron  18  feet  long,  42  inches  tapered  to  56  inches  inside 
diameter,  make  about  eight  revolutions  per  minute.  The  "  Howell  and 
White"  chloridizing  furnace,  28  feet  long  and  60  inches  inside  dianoeter, 
slowly  revolving  between  a  fire-place  and  dust-chambers,  is  but  a  slight 
modification  in  form  of  the  Hocking  and  Oxland  calciner,  used  in  the  tiu 
•  mines  of  Cornwall,  described  at  p.  476. 

The  mortar-boxes  of  the  stamps  are  fitted  with  front  and  back  screens, 
each  enclosed   in  wooden  chambers.     At  the  bottom  of  the  chambers 
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is  an  Archimedean  screw  for  delivering  the  ore  to  an  elevator  fixed  at 
the  end  of  the  battery.  The  ore  from  the  drying  cylinder  is  weighed 
to  the  stamps,  and  the  salt  is  then  added,  the  quantity  varying,  with 
the  baseness  of  the  ore,  from  10  to  14  per  cent,  by  weight.  Both  ore 
and  salt  are  reduced  in  the  mortar  to  a  dry  dust.  This  saline  dust  is 
elevated  so  as  to  be  passed  direct  to  the  chloridizing  cylinder  or  furnace. 
From  this  furnace  it  is  discharged  into  storage  boxes,  from  which  charges 
are  drawn  for  the  amalgamating  pans. 

A  charge  is  amalgamated  and  discharged  into  the  settler  in  from  six 
to  eight  hours.  Sometimes  the  Hasenclever  furnace  is  employed  for  dry- 
ing the  ore  previous  to  its  being  mixed  with  salt  When  the  Stetefeldt 
furnace  is  used  for  chloridizing  purposes,  the  ore  and  salt  drop  from 
the  top  to  the  bottom  of  the  shaft,  about  60  feet.  In  the  following 
table  will  be  found  the  approximate  weight  and  cost  of  chloridizing  ore 
in  four  distinct  mills,  at  the  prices  stated  for  labour,  salt,  and  fuel,  as 
well  as  the  assay  proportions  of  silver  chloridized  and  amalgamated, 
together  with  the  assay  proportion  of  gold  obtained.  The  ore  chloridized 
in  the  Stetefeldt  furnace  was  very  base,  requiring  14  per  cent,  of  salt. 


MillB. 

A. 

B. 

C. 

I>. 

Character  of  f  oraace  used   . 

Stetefeldt. 

Howell  A 
White. 

Howell  & 
White. 

Howell  & 
White. 

No.  of  tons  of  2,000  lbs.  each  chlor- 
idized per  twenty-four  hours    . 

25 

80 

28i 

20 

Labour,  at  14a  per  day 
Salt,  at  je8  per  2,000  lbs. 
Wood  fuel,  at  268.  per  cord 
Power  .        .        .        . 
Oil  and  light 
Wear  and  tear 
Interest 

£     B.     d. 

6    6    0 

28     0     0 

5  10    6 

0  10    0 

1  12    0 
41  18     6 

£    a.   d. 
4    8    0 
24    0    0 
4  17    6 
0  12    0 
0    3    0 
10    0 
12    0 

£     8.      d. 

4     8     0 

18     4    9 

4  11     0 

16    0 

1     0    0 
12    0 

£     8.     d. 

1  14     0 

16     0     0 

8  18     0 

16    0 

1  '.'0   0 

12    0 

86    2    6 

80  11     9 

26    0    0 

Avenge  cost  per  ton  of  2,000  lbs.,      £1  13    6     jSI     4    0      £116      £15    0 


Per  cent. 

Per  ceut 

Per  cent. 

Silver  chloridized  . 

83 

.    82A 

84 

Silver  amalgamated 

86^ 

.. 

... 

Gca4           »» 

60 

66^ 

... 
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Processes  for  Extracting  Silver  by  the  Wet  Wat. 

The  processes  by  which  silver  is  extracted  from  ores  and  Inetalh^ 
gical  products  by  the  various  wet  methods  are  all  comparatively  modem, 
and  belong  to  that  recent  period  during  which  the  practical  metalluigist 
has  availed  himself  of  the  assistance  to  be  derived  from  chemical  research. 
These  methods  have  now,  to  a  great  extent,  supplanted  the  older  pro- 
cesses of  liquation  and  amalgamation,  and  may  often  be  advantageously 
employed  for  the  treatment  of  argentiferous  materials,  particularly  when 
the  amount  of  copper  is  large,  and  that  of  lead  comparatively  small 
Under  certain  conditions  the  methods  of  silver  extraction  by  the  wet 
way  possess  advantages  over  smelting  and  amalgamation;  but  in  the 
case  of  some  of  them,  in  order  to  obtain  satisfactory  results  it  is  necessaiy 
that  the  material  operated  on  should  not  contain  any  considerable  amount 
of  either  lead,  zinc,  antimony,  or  arsenia  Ores  containing  these  metals 
in  large  quantities  are  not  adapted  for  treatment  by  any  of  the  wet  pro- 
cesses, and  the  fact  of  their  being  frequently  associated  with  silver  ores 
has  tended  to  restrict  the  application  of  such  processes. 

Auqustin's  Process. — ^When  ordinary  argentiferous  ores,  or  sulphu- 
retted metallurgical  products  containing  silver,  are  roasted  with  common 
salt,  chloride  of  silver  is  formed,  which  is  soluble  in  a  hot  and  concentrated 
brin&  From  this  solution  the  silver  may  be  precipitated  by  metallic 
copper,  which  can  in  its  turn  be  thrown  down  by  iron.  The  residual 
liquors,  until  by  repeated  use  they  contain  too  much  sodium  sulphate, 
may  be  employed  for  dissolving  fresh  quantities  of  silver  chloride.  The 
solubility  of  silver  chloride  in  a  solution  of  common  salt  is  a  fact  long 
known,  but  was  first  taken  practical  advantage  of  (1849)  by  Augustin, 
one  of  the  officers  of  the  Mansfeld  Mining  Company,  as  the  foundation 
of  a  process  for  the  extraction  of  silver  from  its  ores.  This  process  is  less 
applicable  to  the  direct  treatment  of  ores  than  to  mattes,  since  raw  ores 
frequently  contain  substances  which  interfere  with  the  complete  con- 
version of  the  silver  into  chloride. 

Copper  mattes,  yielding  from  60  to  70  per  cent  of  copper,  but  free 
from  metallic  granules,  and  containing  neither  lead,  zinc,  antimony,  nor 
arsenic,  afford  the  best  results  by  Augustin's  process. 

The  presence  of  rich  copper  sulphides  is  favourable  to  the  jooduc- 
tion  of  residues  poor  in  silver,  but  a  mixture  of  meAallic  copper,  in  the 
form  of  shot)  necessarily  results  in  a  loss  of  silver.  It  is  often  found 
advantageous  to  submit  copper  mattes  to  concentration  before  subjecting 
them  to  treatment  by  this  process.  When  lead  is  present,  it  may  he 
transformed  into  chloride  and  removed  by  hot  water,  previous  to  the 
treatment  of  the  roasted  mattes  by  brine. 

The  desilverization  of  copper  matte  is  effected  by  tlie  following  series 
of  manipulations : — 

First  Roasting, — The  matte  is  first  ground  and  sifted,  and  then  roasted 
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at  a  low  red-heat  on  the  tipper  bed  of  a  double  reverberatory  furnace. 
This  operation  is  completed  in  about  five  hours,  the  ordinary  charge  being 
about  4  cwts.  The  ore  is  then  transferred  to  the  lower  bed,  where  it 
is  roasted  during  two  hours  at  a  moderate  temperature.  The  heat  is  then 
raised,  and  the  roasting  continued  during  three  additional  hours.  By 
this  treatment  the  silver  contained  in  the  matte  will,  for  the  most  part, 
be  transformed  into  sulphate,  while  the  corresponding  iron  and  copper 
salts  will  be  decomposed  into  oxides  mixed  with  basic  sulphates.  A 
sample  drawn  from  the  roasted  chaise  should,  when  treated  with  hot 
water,  afford  a  solution  of  a  faintly  blue  colour,  which  by  the  addition  of 
a  drop  of  solution  of  common  salt  should  give  a  precipitate  of  silver 
chloride. 

Roasting  with  Salt, — ^As  soon  as  a  sample  taken  from  the  furnace 
affords  the  results  above  described,  the  charge  is  withdrawn,  and  after 
being  allowed  to  cool,  is  ground  between  millstones.  The  ground  ore  is 
then  passed  through  a  bolting-sieve,  and  placed  in  the  same  furnace  in 
which  it  was  previously  treated,  where  it  is  mixed  with  from  3  to  5  per 
cent  of  common  salt.  It  is  now  roasted  at  a  low  temperature,  by  which 
chloride  of  sodium  is  decomposed  by  the  sulphuric  acid  of  the  sulphates. 
Chlorine  unites  with  silver,  and  nearly  the  whole  of  that  metal  is  trans- 
formed into  the  state  of  chloride.  This  second  roasting  occupies  from 
two  to  three  hours,  and  the  mixture,  after  being  withdrawn  from  the 
furnace  and  allowed  to  cool,  is  taken  to  the  lixiviating  house. 

Lixiviation  and  Precipitation, — A  lofty  shed  should  be  used  for  the 
liziviation  of  the  chloridized  ores.  At  Freiberg,  where  Augustin's  process 
was  employed  from  the  year  1849  to  1862,  when  it  was  abandoned  in 
favour  of  a  process  for  the  treatment  of  roasted  mattes  by  sulphuric  acid, 
the  operations  were  conducted  with  a  plant  of  which  fig.  218  represents 
an  elevation. 

The  lixiviating  tubs,  a,  arranged  in  a  straight  line  on  a  floor  consider* 
ably  above  the  ground-level,  were  each  provided  with  a  false  bottom 
supporting  a  filter.  On  the  bottom  of  the  tub  was  laid  a  wooden  cross, 
upon  which  rested  a  disc  made  of  planks  perforated  with  large  holes. 
This  was  covered  by  a  uniform  layer  of  twigs,  and  a  linen  cloth  was 
stretched  over  them  and  made  tight  against  the  sides  of  the  vessel  by  a 
wooden  hoop.  These  tubs,  provided  with  wheels,  were  each  charged  with 
about  8  cwts.  of  roasted  matte,  and  could  be  transported  by  the  bogie,  5, 
running  on  the  tramway,  c,  and  were  finally  arranged  in  their  respective 
places  by  cross-rails  on  the  platform,  d.  Hot  brine  was  conducted  to  the 
several  tubs  from  the  reservoir,  ^,  supplied  from  the  larger  tank,  /,  through 
the  trough,  g.  The  solution  of  salt  was  heated  to  the  necessary  tempera- 
ture by  steam-pipes.  The  heated  brine,  on  coming  in  contact  with  silver 
chloride,  dissolved  it,  and  flowed  off  through  the  filters  into  a  trough,  by 
which  it  was  conducted  into  a  tank  above  the  level  of  a  series  of  tubs. 
From  this  reservoir  the  fluid  was  conducted  into  four  tubs,  not  shown  in 
the  woodcut,  in  which  the  silver  was  precipitated  by  cement-copper.     The 
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copper  used  for  this  purpose  was  placed  on  filters  similar  to  those  on  the 
bottom  of  the  lixiviating  tubs.  From  these  tubs  the  liquors  flowed  into 
three  tubs,  A.,  charged  in  the  same  way  as  the  upper  ones  with  precipitated 
copper,  where  the  last  traces  of  silver  were  thrown  down.  The  cupri- 
ferous liquors  now  falling  successively  into  the  series  of  tubs^  t  and  A:, 
charged  with  metallic  iron,  deposited  the  greater  portion  of  their  copper, 
and  were  finally  conducted  into  a  tank,  Z,  where  any  traces  of  copper  still 
retained  in  solution  were  precipitated  by  an  additional  supply  of  iron 
scrap.  The  brine,  thus  freed  from  silver  and  copper,  was  pumped  back 
again  into  the  reservoir,  /,  to  be  re-heated  and  again  used. 

When  the  tubs,  a,  had  been  exhausted  of  silver,  they  were  taken  on 
the  bogie,  &,  and  placed  on  a  line  of  rails  at  right  angles  to  the  tramway, 
c,  where  they  were  washed,  first  with  liquors  resulting  from  previous 
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Fig.  218.— Augustin's  Process ;  side  elevation  of  plant. 

washings,  and  finally  with  water.  The  washing  waters,  when  sufficiently 
concentrated  by  repeated  use,  were  treated  as  silver  solutiona  After  the 
third  lixiviation,  for  which  pure  water  was  employed,  the  tub  was  taken 
to  the  tipper,  m,  where  it  was  turned  over  and  its  contents  discharged  into 
a  drainer,  n. 

The  process  of  lixiviation  may  be  divided  into  two  periods :  the  first, 
during  which  the  ore  is  treated  with  concentrated  hot  solutions  of  common 
saltj  occupying  about  twenty  hours.  The  first  period  was  considered  as 
terminated  when  a  piece  of  bright  copper  held  in  the  escaping  liquor  was 
no  longer  whitened  by  a  deposit  of  silver,  and  the  tubs  were  then  removed 
upon^the  bogie,  ft,  for  the  purpose  of  receiving  the  second  washing ;  first 
with  weak  liquors,  and  afterwards  with  water,  as  above  described. 

The  products  obtained  were — Firstly :  residues  in  tubs,  containing 
from  40  to  65  per  cent,  of  copper,  with  more  or  less  considerable  traces 
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of  silver.  When  found  to  contain  more  than  0*03  per  cent  of  silver 
they  were  put  aside  to  be  again  operated  on.  "When  affording  less  than 
that  quantity  they  were  passed  to  the  smelting  department  for  the 
production  of  copper. 

Secondly :  cement  silver,  in  a  finely  divided  state,  which,  after  being 
washed  with  dilute  hydrochloric  acid,  and  subsequently  with  water,  was 
pressed  into  balls,  thoroughly  dried,  and  taken  to  the  refinery. 

Thirdly:  cement  copper,  employed  for  the  precipitation  of  silver 
during  succeeding  operations. 

Fourthly :  liquors  freed  from  silver  and  copper,  from  which  a  portion 
of  the  iron  precipitates  as  a  basic  salt ;  these  liquors  can  be  employed  in 
lieu j  of  fresh  brine,  but  require  to  be  occasionally  freed  from  sodium 
sulphate  by  crystallization. 

The  expense  of  treating  copper  matte  by  this  process  necessarily* 
varies  in  accordance  with  the  cost  of  salt,  fuel  and  labour,  in  the  locality 
in  which  the  works  may  be  situated.  The  loss  of  silver  is  from  8  to  12 
per  cent.  Speiss  yields  its  silver  to  this  process  with  more  diflGiculty 
than  copper  matte. 

Zisrvogel's  Procbss. — ^Augustin's  process  for  the  extraction  of  silver 
by'  hot  brine,  after  being  in  operation  for  some  years  at  Mansfeld,  was 
superseded  in  the  year  1857  by  a  simpler  and  cheaper  method  introduced 
by  Hiittenmeister  Ziervogel,  which  has  been  found  to  be  peculiarly  well 
fitted7or  the  treatment  of  the  very  pure  matter  produced  there.  This  is 
also  known  as  Wasaerlaugerei,  or  water  lixiviation,  water  being  used  as  a 
solvent  instead  of  chloride  solutions. 

This  method  is  founded  on  the  circumstance,  that  when  a  mixture  of 
copper  and  iron  sulphides,  containing  silver,  is  roasted  in  a  state  of  fine 
division,  in  a  reverberatory  furnace,  ferrous  sulphate  is  first  formed. 
This,  by  further  roasting,  becomes  ferric  sulphate,  which  is  finally 
decomposed  into  ferric  oxida  At  this  period  sulphide  of  copper  is 
transformed  into  cupric  sulphate,  and  on  the  temperature  being  further 
increased,  cupric  oxide  is  produced  and  sulphuric  acid  expelled.  Finally, 
silver  sulphide  is  converted  into  silver  sulphate,  a  salt  readily  dissolved 
in  water,  while  nearly  all  the  other  ingredients  of  the  roasted  matte  are 
insoluble  in  that  menstruum.  If  the  roasted  material  be  now  lixiviated 
with  hot  water,  the  silver  will  be  obtained  in  a  solution,  from  which  it 
can  be  precipitated  in  the  metallic  form. 

ZiervogeUs  process,  although  well  adapted  for  the  desilverization 
of  the  pure  copper  mattes  of  Mansfeld,  is  not  generally  applicable  to 
the  treatment  of  silver  ores  contaminated  by  arsenic,  antimony,  lead, 
or  zinc. 

The  quantity  of  silver  in  the  refined  copper  produced  at  Mansfeld, 
from  residues  partially  resulting  from  amalgamation,  and  partly  from 
treatment  with  hot  brine,  was  (1846-1849)  from  0-0388  to  0O631  per 
cent. ;  while  that  resulting  from  Ziervogel's  process  contains  now  only 
0029  per  cent 
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The  copper  matte  operated  on  at  Mansfeld  is  first  concentrated,  and 
afterwards  reduced  to  the  state  of  impalpable  powder.  Its  average 
composition  is  nearly  as  follows : — 

Cu 74-51 

Ag 0-43 

Pb 0-65 

Fe 2-80 

Ni 0-80 

Co 0-19 

Zn 0-51 

Mn 001 

S 20-70 

100  00 

The  matte,  after  being  ground,  is  bolted  through  cylindrical  sieves, 
having  from  1,400  apertures  per  square  inch,  and  all  particles  too  coarse 
to  pass  through  the  meshes,  escape  at  the  lower  end  of  the  cylinder,  and 
are  returned  to  be  re-ground. 

Roasting. — This  operation  is  conducted  in  a  furnace  provided  with 
two  beds,  each  10  feet  in  length  and  8  feet  in  width,  placed  over  one 
another.  The  upper  bed  is  heated  from  below  by  the  flame  and  gases 
passing  over  that  beneath  it,  whilst  from  above  it  receives  its  heat  from 
the  same  gases,  which  are  conducted  over  its  arch  in  high  zigzag  flues, 
answering  the  purpose  of  condensing  chambers.  Above  these  flues  are 
cast-iron  plates,  forming  a  floor  on  which  the  discharged  residues  ara 
dried  previous  to  being  smelted  for  copper.  The  gases  are  finally  con- 
ducted into  a  high  chimney,  which  is  in  communication  with  several 
similar  furnaces.  In  order  to  regulate  the  admission  of  air  beneath  the 
grate  the  ash-pit  is  closed,  but  is  in  connection  with  an  arched  channel 
running  below  the  furnaces,  and  communicating  with  the  atmosphere. 
The  amount  of  air  admitted  into  the  ash-pit  through  this  passage  is 
regulated  by  an  opening,  which  can  be  more  or  less  completely  closed  by 
a  sheet-iron  door,  attached  to  a  regulating  bar.  There  is  also  an  opening 
in  the  upper  bed,  through  which  the  partially  roasted  charge  can  be 
transferred  to  the  lower  one.  During  the  process  of  roasting  this 
opening  is  closed  by  an  iron  plate. 

Each  bed  is  provided  with  a  working-door,  and  a  small  flue,  for  the 
escape  of  moisture  and  fumes,  connects  the  upper  one  with  the  condensing 
chambers. 

Each  charge  for  this  furnace  consists  of  5  cwts.  of  finely  divided 
copper  matte,  70  lbs.  of  imperfectly  desilverized  residues  from  a  preced- 
ing operation,  and  25  lbs.  of  lixiviated  lumps  which  have  become  caked 
during  a  previous  roasting. 

The  roasting  may  be  divided  into  three  periods : — 

1.  The  materials  are  first  mixed  and  then  spread  on  the  upper 
bed,  still  hot  from  the  previous  charge,  and  are  allowed  to  remain 
without  stirring  for  about  half  an  hour,  in  order  that  they  may  become 
perfectly  dried.     About  5  lbs.  of  dry  and  finely  powdered  brown  coal 
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are  now  added,  and  the  whole  is  well  worked,  with  the  rake,  for  about 
one  hour. 

As  the  air,  entering  by  the  working-door,  passes  directly  to  the  flue, 
the  roasting  in  that  portion  of  the  furnace  progresses  more  rapidly  than 
towards  the  opposite  end ;  consequently  at  the  expiration  of  a  certain  time 
it  becomes  necessary  to  change  the  position  of  the  charge.  The  material 
between  the  working-door  and  the  flue  is  now  turned  back  toward  the 
further  extremity  of  the  hearth,  while  that  which  originally  occupied 
the  space  between  the  door  and  the  back  of  the  furnace  is  spread  on  the 
hearth  between  the  door  and  the  flue.  The  mass  is  then  raked  for 
another  hour,  subsequently  again  turned,  and  afterwards  raked  during 
two  and  a  quarter  hours,  by  the  two  workmen  in  charge  of  the  furnace, 
alternately.  At  this  period  of  the  operation  25  lbs.  of  powdered  brown 
coal  are  added  to  the  charge,  with  which  it  is  well  mixed,  and  the  whole, 
in  a  brightly  glowing  state,  is  raked  through  the  aperture  in  the  bottom 
on  to  the  bed  beneath.  This  first  stage  of  the  operation  of  roasting 
occupies  five  and  a  half  hours. 

2.  No  fuel  is  thrown  on  the  grate  during  the  second  period;  the 
partially  roasted  charge  is  evenly  spread  over  the  surface  of  the  red  hot 
lower  hearth,  where  it  is  continuously  raked  during  about  an  hour  in  order 
to  prevent  caking.  The  flue  between  the  furnace  and  condensing  cham- 
bers is  closed  by  a  damper,  in  order  to  prevent  a  further  rise  of  tempera- 
ture by  the  rapid  oxidation  of  sulphur,  and  the  combustion  of  the  brown 
coal  which  has  been  added.  In  the  course  of  half  an  hour  the  brown 
coal  has  become  entirely  consumed,  and,  after  being  continuously  raked 
during  an  hour,  the  position  of  the  different  portions  of  the  charge  in  the 
furnace  is  changed.  The  damper  is  now  withdrawn  and  oxidation  is 
accelerated  by  the  admission  of  air  during  one  hour  and  a  half.  From 
this  period  the  temperature  of  the  mass  gradually  diminishes,  and  the 
charge  ultimately  assumes  a  dark  colouc 

In  order  to  determine  the  progress  of  the  operation,  and  to  ascertain 
whether  this  period  should  be  further  prolonged,  a  sample  is  taken  from 
difl'erent  parts  of  the  hearth ;  this  is  cooled  on  a  tile,  and  any  lumps  it 
may  contain  are  sifted  out.  The  finely  divided  powder  is  spread  on  an 
ordinary  white  plate,  and  a  sufficient  amount  of  water  is  added  to  moisten 
it  throughout.  If  the  resulting  solution  be  of  a  blue  colour,  and  the 
addition  of  common  salt  produces  a  white  precipitate,  it  indicates  that 
the  formation  of  silver  sulphate  has  commenced,  and  that  the  second 
roasting  period  may  be  considered  finished.  Should  the  wasliing  of  the 
sample  yield  a  greenish  solution,  indicating  the  presence  of  iron  salts, 
the  operation  must  be  further  continued. 

The  second  period  of  roasting  usually  occupies  two  and  a  quarter 
hours. 

3.  The  fuel  employed  during  the  third  period  should  be  oak,  beech, 
birch,  or  some  other  hard  wood,  but  fir  must  be  avoided,  as  it  produces  a 
smoky  flame,  exercising  a  reducing  action,  resulting  in  the  formation  of 
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cuprous  oxide  and  the  separation  of  metallic  silver.  The  flame  rises 
from  the  grate  to  the  arch  of  the  furnace,  and  does  not  come  into  direct 
contact  with  the  charge  lying  upon  the  hearth.  The  draught  is  regulated 
by  dampers  in  accordance  with  the  direction  of  the  wind,  &c. 

The  mixture  is  now  thoroughly  and  continuously  worked  over  by 
the  rake,  and  at  the  expiration  of  an  hour  it  has  acquired  a  dull  red- 
heat^  which  is  afterwards  increased  to  full  rednesa  But  few  lumps  or 
clots  should  be  formed  during  the  progress  of  roasting,  and  these  are  not 
broken  down  but  become  more  compact  in  proportion  as  the  tempera- 
ture increases.  At  the  expiration  of  an  hour  and  a  half,  that  portion  of 
the  charge  lying  nearest  the  flre-bridge  is  sufficiently  roasted.  This  is 
determined  by  lixiviating  a  sample,  which  should  afford  a  solution 
of  a  light  blue  colour  and  yield  a  dense  precipitate  of  silver  chloride 
on  the  addition  of  solution  of  common  salt.  The  charge  is  now  turned 
over,  and  that  portion  which  was  originally  furthest  from  the  fire-place  is 
brought  to  the  bridge  end  of  the  hearth.  The  whole  is  constantly  stirred, 
until  a  second  sample,  taken  from  different  parts  of  the  mass,  shows  that 
it  is  ready  for  drawing.  If  too  much  heat  is  applied  during  this  opera- 
tion, silver  sulphate  becomes  decomposed,  in  which  case  the  liquid  result- 
ing from  washing  a  sample  will  be  quite  free  from  cupric  sulphate,  and 
entirely  without  colour.  The  third  period  of  roasting  occupies  five  hours 
and  a  half,  thus  making  the  total  period  necessary  for  the  complete  work- 
ing of  a  charge,  on  the  two  beds,  thirtepn  hours  and  a  quarter. 

In  the  newer  furnaces  the  number  of  roasting  beds  is  increased  from 
two  to  three  and  four.  The  latter,  though  expensive  to  build,  are  con- 
sidered more  advantageous  than  the  smaller  sizes.  They  are  heated  by 
gas  instead  of  wood. 

The  loss  of  silver  experienced  during  the  operation  of  roasting 
amounts  to  about  7  percent,  and  above  91*5  per  cent  of  the  silver  origi- 
nally present  should  be  in  the  form  of  sulphate  in  the  roasted  ore.  The 
fume  resulting  from  the  treatment  of  mattes  in  the  roasting  furnace 
is  collected  from  the  flues  and  condensing  chambers,  and  smelted  for 
copper  matte.     These  mattes  are  rich  in  silver. 

Lixiviation  and  Precipitation, — On  being  withdrawn  from  the  furnace 
the  roasted  material  is  cooled  to  about  87"*  C,  and  placed,  in  charges, 
each  of  5  cwts.,  in  the  tubs.  A,  ^g.  219,  of  which  there  is  a  series  of  ten. 
These  are  provided  with  false  bottoms,  and  with  filters  constructed  in  a 
similar  way  to  those  employed  for  the  extraction  of  silver  chloride  by  hot 
brine.  A  leaden  tube,  ft,  2  inches  in  diameter,  conveys  from  2  to  3 
cubic  feet  of  water  heated  to  87°  C.  upon  the  top  of  the  charge,  which 
is  covered  with  oakum  or  straw  for  its  better  distribution  over  the 
surface.  As  soon  as  the  liquors  begin  to  flow  from  the  tap,  c,  inserted 
beneath  the  false  bottom,  that  on  the  pipe,  &,  is  closed,  and  another,  com- 
municating  with  the  pipe,  a,  of  larger  diameter,  is  opened,  by  which 
water,  heated  to  the  temperature  before  indicated,  and  slightly  acidulated 
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with  sulphuric  acid,  is  supplied  to  the  lixiviating  tub  at  the  rate  of  about 
5J  cubic  feet  per  hour. 

The  washing  is  continued  until  the  addition  of  salt  to  a  'sample  of 
tlie  liquors  flowing  off  no  longer  produces  a  precipitate  of  silver  chloride. 
Tlie  solution  of  silver  sulphate  flows  from  c,  into  the  first  compartment, 
B,  of  a  tank  30  feet  long,  2  feet  wide,  and  1 J  feet  high.  From  B  the 
liquors  enter  the  compartment,  C,  by  flowing  over  a  division  which  does 
not  quite  reach  the  top  of  the  vessel,  and  are  then  distributed,  by  an 
equal  number  of  taps,  into  ten  precipitating  tubs,  D,  provided  with  false 
bottoms.  This  clarifying  box,  as  well  as  all  the  other  reservoirs  em- 
ployed, is  provided  with  a  float,  eZ,  indicating  the  height  of  the  liquid. 

Upon  the  filters  of  the  tubs,  D,  are  placed  layers  of  cement-copper 
about  3  inches  in  thickness,  above  which  are  laid  about  twenty  copper 


Fig.  219.— ZierTOgel's  Process ;  transverse  section  of  plant. 


bars  14  inches  long,  6  inches  broad,  and  1  inch  thick.  The  greater 
portion  of  the  silver  is  precipitated  in  these  tubs,  and  the  liquors,  on 
leaving  them,  are  received  in  the  lead-lined  trough,  E,  15  inches  in 
width,  and  6  inches  in  depth,  on  the  bottom  of  which  is  a  layer  of  small 
pieces  of  sheet-copper.  They  then  flow  into  the  tubs,  F,  which  have 
false  bottoms,  and  contain  a  little  granular  copper  and  a  few  bars  of  the 
same  metal.  The  desilverized  liquors,  which  have  now  a  temperature 
of  about  56°  C,  are  conducted  by  the  gutter,  g,  into  a  leaden  reservoir, 
whence  they  are  pumped  into  a  leaden  pan,  capable  of  containing  about 
70  cubic  feet,  where  they  are  heated  to  87°  C,  and  again  employed  for 
lixiviation.  Half  a  pound  of  sulphuric  acid  is  added  to  each  charge  of 
the  leaden  pan,  and  has  the  effect  not  only  of  facilitating  the  solution  of 
silver  sulphate,  but  also  of  preventing  the  separation  of  basic  salts.  The 
precipitated  silver  is  removed  from  the  tubs,  D,  every  twenty-four  hours, 
and  the  filters  are  taken  out  and  cleaned  once  a  week. 
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The  precipitated  silver  is  chiefly  contaminated  by  the  presence  of 
copper  and  gypsum,  and  is  reduced  to  powder  by  being  pounded  with 
wooden  pestles.  It  is  subsequently  lixiviated  for  several  days  with  sul- 
phuric acid,  diluted  with  eight  times  its  volume  of  water,  in  nine  tubs, 
H,  in  order  to  remove  as  much  as  possible  of  the  remaining  copper  salts 
and  gypsum,  and  is  finally  washed  with  hot  water.  The  liquors  result- 
ing from  washing  rise  through  L,  and  are  conducted,  by  the  trough,  M, 
firsts  over  metallic  copper,  and  afterwards  into  tanks  containing  scrap- 
iron  ;  the  water  from  the  final  washing  is  run  off  at  N,  and  conducted, 
by  a  gutter,  to  a  lead-lined  tank. 

The  washed  silver  is  moulded  into  blocks  dried  in  a  kiln,  and  refined 
in  a  reverberatory  furnace.  When  the  residues  are  found  by  assay  to 
contain  less  than  0*03  per  cent  of  silver  (10  ounces  per  ton),  they 
are  removed,  to  be  treated  for  copper. 

The  desilverized  liquors  are  from  time  to  time  purified,  by  throwing 
down  the  copper  by  metallic  iron,  and  the  precipitated  copper,  obtained 
in  the  ordinary  course  of  working,  is  divided  into  two  classes  by  washing 
and  decantation.  The  more  granular  portion  is  employed  for  the  preci- 
pitation of  silver,  whilst  the  other,  which  is  contaminated  by  basic  salts, 
is  treated  directly  for  the  production  of  copper. 

Extraction  in  Colorado. — At  Black  Hawk,^  Colorado,  a  great 
variety  of  pyritic  and  arsenical  ores  containing  copper,  silver,  and  some 
gold  are  treated  by  a  combination  of  the  Ziervogel  and  Augustin 
extraction  processes.  The  ores  are  roasted,  partly  in  heaps  and  partly  in 
calciners,  and  smelted,  with  additions  of  rich  slags,  unburnt  pyrites,  and 
fluor-spar,  to  coarse  metal  containing  25  to  30  per  cent,  of  copper,  600 
to  1,000  ounces  of  silver,  and  20  to  30  ounces  of  gold  per  ton.  This  is 
reduced  to  a  fine  powder  by  grinding  and  sifting,  and  roasted  for  sul- 
phates by  two  operations.  The  first,  lasting  twenty-four  hours,  is  done  in 
a  calciner,  about  30  feet  long,  holding  3  tons ;  and  the  second  in  a  smaller 
one  taking  a  charge  of  16  cwts.  When  the  copper  salts  are  completely 
decomposed,  the  silver  sulphate  is  extracted  by  boiling  water  and  reduced 
by  cementation  with  copper  in  the  manner  previously  described.  The 
residues  from  the  extraction,  containing  all  the  gold  and  about  6  per 
cent,  of  the  original  amount  of  silver,  are  mixed  with  telluride  ores  rick 
in  gold,  and  smelted  to  white  metal  containing  60  per  cent  of  copper, 
150  ounces  of  silver,  and  50  or  60  ounces  of  gold  per  ton.  The  white 
metal  is  subjected  to  the  selecting  process  of  the  Welsh  smelter  (page 
427),  giving  copper  bottoms  with  nearly  the  whole  of  the  gold,  and 
pimple  metal  with  75  per  cent,  copper,  2  ounces  of  gold,  and  150  ounces 
of  silver  per  ton,  which  is  again  selected,  giving  bottoms  that  are  less 
auriferous  than  the  first  and  an  argentiferous  regulus.  The  latter  is 
roasted  and  washed  with  hot  water,  but  for  complete  desilverization  it 
is  necessary  to  subject  it  to  a  further  roasting  and  extraction  with  salt 

1  This  account  refers  to  1879.  The  works  have  since  been  removed  to  Denrer, 
where  the  same  process  is  followed  with  some  modifications. 
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The  final  residues  are  smelted  for  copper.  The  treatment  of  the  auriferous 
bottoms  is  noticed  subsequently  under  gold. 

Von  Patera's  Procbss. — Dr.  Percy,  in  1848,  first  suggested  the 
extraction  of  silver  from  argentiferous  ores  by  its  conversion  into  chloride 
and  subsequent  solution  in  sodium  hyposulphite.  This  paper,  which 
ultimately  fell'  into  the  hands  of  Von  Patera,  resulted,  in  1858,  in  the 
introduction,  at  Joachimsthal,  of  the  process  now  bearing  his  name.  The 
ores  from  that  district  are  remarkable  for  the  diversity  of  their  con- 
stituents, and  in  addition  to  silver  contain  copper,  lead,  bismuth,  iron, 
nickel,  and  cobalt,  associated  with  sulphur,  arsenic,  and  antimony. 
Mining  operations  in  the  vicinity  of  Joachimsthal,  although  less  pro- 
ductive than  formerly,  still  yield  a  certain  amount  of  argentiferous  ores 
of  extraordinary  richness.  Those  treated  by  the  process  under  considera- 
tion contain,  on  an  average,  between  2  and  3  per  cent,  of  silver,  and  small 
parcels  are  sometimes  operated  on  which  yield  as  high  as  15  per  cent,  of 
this  metsd.  The  only  fuel  to  be  obtained  at  a  moderate  price  in  the 
district  is  lignite,  but  labour  is  abundant  and  moderately  cheap. 

The  extraction  of  silver  from  its  ores  by  this  process  comprehends 
the  following  manipulation : — 1st  Boasting  with  common  salt,  until 
the  silver  has  been  converted  into  chloride.  2nd.  Dissolving  out  the 
silver  chloride  by  a  cold  dilute  solution  of  hyposulphite  of  sodium. 
3rd.  Precipitating  the  silver  in  the  form  of  sulphide,  from  its  solution 
in  sodium  hyposulphite,  by  the  addition  of  sodium  sulphida  4th.  The 
silver  sulphide  thus  obtained  is  reduced  to  the  metallic  state  by  exposure 
in  a  muffle  to  a  high  temperature. 

Roasting, — The  ores,  on  arriving  at  the  works,  if  not  sufficiently 
reduced  in  size,  are  ground,  and  then  roasted  in  a  furnace,  into  which 
superheated  steam  is  introduced. 

This  apparatus,  instead  of  having  the  usual  long  hearth,  broad  fire- 
bridge, and  wide  fire-place,  has  a  hearth  9  feet  6  inches  in  width,  measur- 
ing only  6  feet  from  the  bridge  end  to  the  take-up  of  the  flue  leading  to 
the  chimney. 

The  grate,  which  is  very  narrow,  is  four-fifths  of  the  length  of  the  longer 
axis  of  the  hearth,  from  which  it  is  divided  by  a  fire-bridge  enclosing  an 
iron  tube,  protected  by  clay,  and  pierced  with  eight  or  ten  small  holes  on 
the  side  furthest  removed  from  the  grate.  A  charge  of  400  lbs.  of  the 
ore  to  be  operated  on  is  spread  on  the  hearth  of  this  furnace,  and  the 
heat  gradually  and  cautiously  raised,  in  order  to  avoid  agglomeration. 
No  steam  is  admitted  during  the  first  stage  of  the  operation,  but  as  soon 
as  the  charge  has  attained  a  red  heat  as  much  is  turned  on  as  can  be 
introduced  without  materially  reducing  the  temperature.  At  the  expira- 
tion of  four  hours  from  the  time  of  charging,  the  ore  is  withdrawn,  and, 
after  being  allowed  to  cool,  is  ground  in  a  mill  to  the  state  of  a  fine 
powder,  with  the  addition  of  from  6  to  12  per  cent,  of  common  salt,  and 
from  2  to  3  per  cent  of  ferrous  sulphate. 

A  charge  of  this  mixture,  weighing  3  cwts.,  is  introduced  into  a 
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furnace  similar  to  that  employed  for  the  first  roasting,  and  the  second 
roasting  is  commenced.  The  chaige  is  spread  evenly  over  the  surface 
of  the  hearth,  and  as  soon  as  a  red  heat  has  been  attained  steam  is 
admitted  as  before,  care  being  taken,  by  constant  stirring,  to  prevent 
agglomeration.  The  temperature  is  gradually  increased,  and  at  the 
expiration  of  from  eight  to  sixteen  hours,  according  to  the  richness  and 
the  composition  of  the  ores,  the  operation  is  finished. 

The  addition  of  ferrous  sulphate  to  the  partially  desulphurized  ore 
is  for  the  purpose  of  effecting  the  decomposition  of  common  salt  in 
case  a  sufficient  amount  of  other  metalUc  sulphates  should  not  be  pro- 
duced. The  introduction  of  aqueous  vapour  is  thought  to  facilitate 
the  chemical  decompositions  going  on  in  the  furnace,  and  to  assist  in 
the  condensation  of  fumes  in  the  flues  and  chambers  prepared  for  that 
purpose. 

The  roasted  and  finely  divided  ore,  containing  silver  in  the  state  of 
chloride,  is  now  taken  to  the  lixiviating  shed. 

Lixiviation  with  Water. — In  addition  to  chloride  of  silver,  which  is 
insoluble  in  water,  the  roasted  ores  contain  variable  quantities  of  copper, 
zinc,  iron,  nickel,  and  cobalt,  which,  being  present  chiefly  in  the  form  of 
chlorides  and  sulphates,  are  dissolved  by  washing  in  a  row  of  tubs, 
each  containing  400  lbs.  of  roasted  ore,  hot  water  being  allowed  to  pe^ 
colate  through  the  several  charges  during  a  period  of  six  houra  By  this 
means  the  soluble  salts  are  removed,  and  the  liquors  passing  through  the 
filters  are  conveyed  by  a  trough,  b  (fig.  220),  into  a  tank,  where  the 
metaUic  oxides  are  precipitated  by  lime-water.  The  precipitate  thus 
obtained  is  subsequently  fused  with  a  mixture  of  residues  and  poor  ores 
in  a  blast-furnace. 

The  liquors  draining  into  the  trough  are  from  time  to  time  tested  by 
sodium  sulphide,  and  as  soon  as  a  precipitate  is  no  longer  obtained  on  the 
addition  of  a  drop  of  this  reagent,  the  operation  is  considered  finished, 
and  cold  water  is  passed  through  the  tubs  for  the  purpose  of  lowering 
the  temperature  of  the  residues. 

Lixiviation  with  Sodium  Hyposulphite, — ^The  residues  remaining  in 
the  tubs.  A,  after  the  removal  of  the  various  salts  soluble  in  hot  water, 
are  transferred  to  the  tubs,  B,  which  are  also  provided  with  filters  and 
false  bottoms.  At  Joachimsthal  seven  of  these  are  employed,  and  are 
placed  on  a  level  with  the  tubs,  A  (of  which  there  are  several),  between 
which  and  the  vessels,  B,  is  a  tramway,  on  which  is  the  bogie,  c  The 
tubs,  B,  stand  on  trucks,  c',  which  can  be  run  on  to  the  bogie,  c,  and 
made  to  traverse,  either  backwards  or  forwards,  in  front  of  the  row  of 
tubs,  A.  The  vessel,  B,  after  receiving  a  charge  of  200  lbs.  from  the 
tub,  A,  is  removed  to  its  position  on  the  other  side  of  the  tramwBY, 
where  it  is  treated  with  the  solution  by  which  the  removal  of  the  silver 
is  effected. 

This  consists  of  a  cold  solution  of  sodium  hyposulphite,  1  cubic  foot 
of  which  is  capable  of  dissolving  0*753  lb.  of  silver.     This  is  conveyed 
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through  the  trough,  h\  and  allowed  to  filter  slowly  through  the  mass.  In 
this  way  the  silver  chloride  is  gradually  taken  up  in  the  fonn  of  a  double 
salt,  which,  passing  beneath  the  false  bottom  into  the  trough,  cf,  is  conveyed 
to  the  precipitating  tubs. 

The  duration  of  this  operation  is,  to  a  considerable  extent,  influenced 
by  the  richness  and  composition  of  the  ores,  as  well  as  by  their  state  of 
mechanical  division.  Parcels  containing  15  per  cent,  of  silver  are  not 
sufficiently  impoverished  by  lixiviation  in  less  than  forty-eight  hours, 
whilst  ores  containing  1  per  cent,  can  be  treated  in  about  twelve  hours. 
Ores  which  do  not  contain  above  7  per  cent,  of  silver  require  but  one 
chloridizing  and  lixiviation,  but  when  richer  samples  are  operated  on,  two 
successive  roastings  and  lixiviations  become  necessary.  During  the  second 
roasting  addition  is  again  made  of  salt  and  ferrous  sulphate.  The  lixi- 
viation is  considered  complete  when  the  liquors  dropping  from  the  tubs 
no  longer  afford  any  traces  of  a  precipitate  on  the  addition  of  a  drop  of 
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Fig.  220. — Vou  Patera's  Process ;  transverse  section  of  plant. 

sodium  sulphide.  The  residues  are  dried  and  fused  with  iron  pyrites  in 
a  blast-furnace. 

Precipitation  of  Silver, — The  liquors  passing  through  the  filters  at  the 
bottom  of  the  tubs,  B,  are  conducted  by  the  trough,  d,  into  the  vessels, 
E,  F,  of  which  there  are  ten ;  six  holding  40  gallons  each,  and  four  of  the 
capacity  of  80  gallons.  The  precipitant  employed  is  prepared  by  fusing 
soda-ash  with  sulphur,  dissolving  in  water,  and  boiling  the  solution  with 
excess  of  sulphur.  The  liquor  thus  obtained,  which  contains  sodium 
pentasulphide,  with  a  small  amount  of  hyposulphite  of  sodium,  is  conveyed 
to  the  precipitating  vessels  in  large  stoneware  jars,  and  is  poured  into  the 
argentiferous  solutions  so  long  as  a  precipitate  is  thrown  down  on  the 
addition  of  a  further  quantity. 

The  contents  of  the  tubs  are  first  well  stirred  and  then  allowed  to 
settle,  and  a  sample  of  the  clear  liquid  having  been  taken  in  a  test  tube, 
a  few  drops  of  the  precipitating  solution  are  added.  If  a  dark-coloured 
precipitate  is  the  result,  it  shows  that  a  certain  amount  of  silver  still 
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remains  in  solution,  and  a  farther  addition  of  the  precipitant  is  necessary. 
If,  on  the  contrary,  no  precipitate  takes  place,  it  becomes  probable  that 
too  large  an  amount  of  sodium  sulphide  may  have  been  added.  In  order 
to  determine  this  point,  some  fresh  liquor,  holding  the  doable  salt  of  silver 
in  solution,  is  added  to  a  sample  taken  from  the  tub  under  treatment. 
Should  a  precipitate  be  thus  obtained,  argentiferous  liquor  must  be 
cautiously  added  to  the  tub  until  no  further  reaction  takes  place.  When 
this  point  has  been  attained  all  doubt  as  to  whether  the  whole  of  the  silver 
has  been  precipitated,  on  the  one  hand,  and  no  excess  of  the  precipitant 
has  been  employed  on  the  other,  is  removed  by  taking  two  samples  of  the 
supernatant  liquors,  to  one  of  which  a  few  drops  of  a  weak  solution  of 
sodium  sulphide  are  added,  whilst  into  the  other  a  small  quantity  of 
solution  of  acetate  of  lead  is  introduced.  If  the  addition  of  sodium  sul- 
phide produces  no  precipitate  of  silver  sulphide,  it  shows  that  the  whole 
of  that  metal  has  been  removed,  and  should  no  discolouration  take  place 
on  the  addition  of  the  solution  of  the  lead  salt,  it  indicates  that  the  pre- 
cipitant has  not  been  added  in  excess. 

The  exact  neutrality  of  the  residual  liquid  is  necessary  in  order  to 
obtain  satisfactory  results,  since  the  liquors  from  which  the  silver  has  been 
precipitated  are  employed  in  the  next  operation.  The  presence  of  an  excess 
of  sodium  sulphide  would  evidently  convert  a  portion  of  the  silver  into 
insoluble  sulphide,  whilst  the  addition  of  too  small  a  quantity  of  this  pre- 
cipitant would  leave  chloride  of  silver  in  solution,  and  thereby  diminish 
the  solvent  powers  of  the  liquors  for  that  salt 

.  Six  hours  after  the  addition  of  the  sulphide  solution  the  flocculent 
precipitate  has  sufficiently  settled  to  admit  of  the  supernatant  liquor  being 
syphoned  ofT  into  a  tacJc,  situated  below  the  level  of  the  floor.  It  is 
thence  pumped  to  the  level  of  the  trough,  5',  to  be  again  used  in  the 
process  of  dissolving.  The  sulphide  of  silver  is  drawn  off  by  the  taps, «,  /, 
and  placed  in  a  filter-bag  of  canvas  to  drain. 

Instead  of  any  loss  of  sodium  hyposulphite  being  experienced  during 
the  working  of  this  process,  a  gradual  increase  of  that  salt  is  the  result 
This  arises  from  the  action  of  the  air  on  the  precipitating  liquors,  and 
consequently  the  solutions  employed  for  dissolving  chloride  of  silver  require 
to  be  occasionally  diluted  by  the  addition  of  water.  The  yield  by  this 
process  amounts  to  88  per  cent,  of  the  silver  present  in  the  ores  treated. 
From  1  to  2  per  cent  is  finally  lost,  and  the  remainder  is  found  in  inter- 
mediate products.  The  cost  of  materials  and  labour  amounted,  in  1862, 
to  about  8s.  6d.  per  cwt.  of  ore  treated. 

Treatment  of  Stiver  Stdpkide. — ^The  sulphide  of  silver,  removed  from 
the  tubs,  £  and  F,  is  placed  in  conical  canvas  bags,  G,  supported  on  wooden 
frames,  and  allowed  to  drain.  After  standing  about  half  an  hour,  the 
bags,  with  their  contents,  are  placed  under  a  screw-press,  and  as  much  as 
possible  of  the  remaining  moisture  is  expressed.  The  precipitate  is  now 
removed  from  the  bags,  dried  in  a  warm  roon^,  and  afterwards  washed 
in  similar  filters  with  warm  water.     The  silver  sulphide,  thus  freed 
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from  soluble  salts,  is  again  dried  and  subsequently  heated  to  redness  in  a 
muffle  to  which  atmospheric  air  has  free  access.  In  this  way  the  greater 
portion  of  the  sulphur  is  burnt  off,  leaving  a  residue  which  contains  from 
60  to  80  per  cent  of  silver. 

This  residue  is  fused  in  large  graghite  crucibles,  and  any  sulphur 
it  may  still  retain  is  removed  by  the  addition  of  metallic  iron ;  the 
ferruginous  sulphide  thus  produced  is  skimmed  off,  and  added  to  the 
roasting  mixture,  in  place  of  ferrous  sulphate.  The  surface  of  the  metal 
is  finally  cleaned  by  adding  a  small  quautity  of  a  mixture  of  bone-ash 
and  wood-ashes,  which,  on  being  scraped  off,  leaves  metallic  silver  of 
from  940  to  960  fine. 

Residues, — The  extraction  residues  which  contain  nickel  and  cobalt, 
and  are  not  perfectly  desilverized,  are,  together  with  the  precipitate  by 
lime-water,  smelted  with  additions  of  low-produce  silver  ores,  10  per  cent 
of  pyrites,  12  per  cent,  of  slags,  and  sufficient  lime  for  fluxing.  This 
gives  a  matte  of  variable  composition,  but  averaging  17  per  cent  of 
nickel  and  cobalt,  which  is  re-melted  with  addition  of  sodium  sulphate, 
moistened,  allowed  to  fall  into  powder  by  exposure  to  the  atmosphere, 
and  subsequently  lixiviated  to  remove  soluble  salts.  The  residue,  which 
is  rich  in  silver,  is  fused  with  arsenical  pyrites  for  the  production  of 
speiss  and  copper  matte.  The  former  is  purified  by  re-melting,  and  the 
copper  matte  is  treated  for  silver  and  copper  as  before. 

Bussbll's  Proobss. — ^The  hyposulphite  extraction  process,  either  in  the 
originalform  prescribed  above,  or  in  Kiss's  modification,  using  calcium  hypo- 
sulphite and  sulphide  instead  of  the  corresponding  sodium  compounds, 
has  been  largely  adopted  in  the  United  States  and  Mexico ;  but  there  are 
certain  difficulties  in  applying  it  to  the  treatment  of  mixed  or  base  ores. 
When  lead  is  present  it  becomes  partially  dissolved,  since  lead  sulphate 
is  soluble  in  hyposulphite  solutions,  while  if  the  ore  contains  copper 
it  will  be  precipitated  with  the  lead  and  silver  by  alkaline  sulphides, 
thus  somewhat  complicating  the  subsequent  treatment  of  the  resulting 
product. 

According  to  a  recent  paper  by  Mr.  C.  A.  Stetefeldt,^  a  new  process, 
invented  by  Mr.  E.'  H.  Kussell,  of  Park  City,  Utah,  involves  important 
reactions  not  previously  described. 

Lead  may  be  completely  separated  from  a  sodium  hyposulphite  solu- 
tion, in  the  form  of  carbonate,  by  sodium  carbonate,  without  precipitat- 
ing either  silver  or  copper,  which,  remaining  in  solution,  are  obtained  as 
sulphides,  by  the  addition  of  sodium  sulphide.  If  calcium  sulphide  were 
employed  for  this  purpose,  the  lime  salts  contained  in  the  regenerated 
lixiviation  solution  would  subsequently  be  precipitated  with  the  lead  as 
carbonates  on  the  addition  of  sodium  carbonate. 

The  solution  of  a  double  hyposulphite  of  copper  and  sodium,  formed 
by  mixing  sodium  hyposulphite  with  sulphate  of  copper,  is  stated  to  exert 
a  powerful  decomposing  and  solvent  action  upon  metallic  silver,  its  sul- 

1 '  Proceedings  of  the  American  Institute  of  Mining  Engineers,'  May  1884. 
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phides,  sulpharsenides,  and  solphantimonides,  whereas  the  simple  alkaline 
hyposulphite  solation  dissolves  only  chloride  of  silver.  If,  therefore,  a 
charge  of  ore  is  first  washed  by  a  solution  of  sodium  hyposulphite  to  re- 
move chloride  of  silver,  and  afterwards  with  cuprous  hyposulphite,  the 
solution  of  the  latter  salt  being  called  by  the  inventor  the  ^' extra  solution," 
an  additional  amount  of  silver  is  obtained,  which  would  have  been  lost  in 
the  tailings  if  treated  by  sodium  hyposulphite  alone. 

The  process  may  also  be  employed  to  extract  silver  bom  unroasted 
ores,  or  after  they  have  experienced  an  oxidising  calcination,  without 
chloridizing. 

The  mixed  sulphides  of  copper  and  silver  obtained  as  a  precipitate, 
are  dissolved  in  nitrated  sulphuric  acid,  the  escaping  nitrous  fumes  being 
re-converted  into  nitric  and  nitrous  acids  in  the  usual  way.  From  the 
solution  silver  is  precipitated  by  metallic  copper,  while  copper  sulphate 
is  obtained  by  crystallization.  A  portion  of  the  latter  is  used  in  preparing 
the  **  extra  solutioiu" 

The  process  has  been  tested  upon  a  working  scale  at  the  Ontario  Mill, 
Utah. 

The  mixed  sulphides,  when  treated  by  roasting  and  fusion,  yield 
silver  of  from  874  to  876  fine,  while  a  regulus  containing  from  24  to  27 
per  cent,  of  copper,  and  from  2,700  to  3,000  ounces  of  silver  per  ton, 
is  formed  to  the  extent  of  about  75  per  cent  of  the  weight  of  the  bulUon 
obtained. 

By  a  new  method  of  treatment  the  mixed  sulphides,  collected  on  a 
filter-press,  are  dissolved,  without  previous  drying,  in  sulphuric  add  to 
which  sodium  nitrate  has  been  added.  No  heat  is  required,  the  reaction 
being  very  violent.  Gold,  if  present,  is  not  dissolved,  but  remains  with 
any  silver  chloride  which  may  result  from  the  presence  of  chlorine  either 
in  the  acid  or  in  the  sodium  nitmte.  Sulphur  separates  in  globules,  which 
are  employed  in  the  preparation  of  sodium  sulphide. 

The  argentiferous  solution  is  drawn  off  into  a  tank,  where  the  silver  is 
precipitated  by  metallic  copper.  Sulphate  of  copper  is  obtained  from 
these  Hquids  by  crystallization,  and  the  nitrous  gases  are  recovered  by 
passing  them  through  a  coke  tower  with  a  spray  of  water  or  sulphnric 
acid.  Ores  treated  by  this  process  are  stated  to  yield  from  90  to  94*4  per 
cent  of  the  silver  they  contain. 

On  comparing  it  with  amalgamation,  to  which  Mr.  Stetefeldt  regards  it 
as  superior  both  from  sanitary  and  economic  points  of  view,  he  considers  it 
likely  to  effect  a  revolution  in  the  treatment  of  silver  ores,  and  a  diminu- 
tion of  working  expenses  such  as  has  been  rarely  witnessed  in  the  history 
of  metallurgy.  Statements  upon  this  subject  are  of  a  conflicting  character, 
but  up  to  the  present  time  the  anticipations  expressed  above  have  not  been 
realized. 

Claudet's  Process. — The  object  of  this  process  is  the  recovery  of 
the  silver  which,  in  the  form  of  chloride,  is  dissolved  in  the  liquors 
resulting  from  the  treatment  of  cuprous  pyrites  by  the  wet  method  of 
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extraction.  These  contain  a  laige  amount  of  undecomposed  common 
salt,  which  dissolves  the  silver  chloride,  and  from  which,  formerly,  it  was 
found  impossihle  to  precipitate  the  silver  in  a  concentrated  form. 

It  has  long  heen  known  to  those  engaged  in  copper-extraction  that 
the  copper-precipitate  produced  from  Spanish  and  Portuguese  ores  con- 
tains not  only  a  notahle  quantity  of  silver,  hut  also  distinct  traces  of  gold. 
Ko  successful  attempt  to  separate  the.  precious  metals  and  to  turn  them 
to  profitahle  account  had,  however,  heen  made  up  to  the  commence- 
ment of  the  year  1870,  when  Mr.  F.  Claudet  patented  a  process  for  their 
separation  from  ordinary  copper  liquors  by  the  addition  of  a  soluble 
iodide. 

The  amount  of  silver  present  in  burnt  ore  seldotn  exceedis  1^  ounce 
per  ton,  but  a9  the  whole  of  this  is  never  obtained  .in  solution,  it 
follows  that»  in  order  to  obtain  satisfactory  results,  in  dealing  with 
such  minute  quantities,  the  process  employed  should  be  both  cheap  and 
expeditious. 

The  vats  in  which  burnt  ore,  which  has  been  roasted  with  salt,  is 
lixiviated,  generally  receive  some  eight  or  nine  successive  washings 
with  water,  with  weak  liquors,  and  with  water  acidulated  by  hydrochloric 
add.  Of  these  washings  the  first  three  only  contain  a  sufficient  amount 
of  silver  to  be  worth  working. 

For  the  purpose  of  removing  the  soluble  salts  from  the  ground  and 
roasted  ore,  hot  water  is  first  employed,  and,  as  a  large  proportion  of  the 
sodium  chloride  used  remains  undecomposed,  it  acts  as  a  solvent  for  the 
silver  chloride  produced  during  the  process  of  fumacing. 

The  analysis  of  a  first  washing  from  a  copper  tank  gave  Mr.  Claudet 
the  following  results  : — 

Analysis  of  Stbono  Liquors. 

Sp.  Gr.  =  1-240. 

Contents  per  GaUon. 
Grains. 

NajSO* 10,092 

NaCl 4,474 

Gl  (combined  with  other  metals) .        .        •      4,630 
Cu       .......        .      8,7001 

The  respective  amounts  of  copper,  chlorine,  sulphur,  and  silver  con- 
tained per  gallon  in  nine  successive  washings  of  one  tank  of  ore  are 
given  in  the  following  table  : — 

^  405  grains  of  this  copper  existed  in  the  state  of  coproos  chloride. 

Zn 480 

Pb 40 

Fe 82 

Ca 52 

Ag 8*06 

Am,  Sb,  Bi,  &o.,  not  estimated. 

Proportion  of  Cn  to  Ag  =  10,000  :  8-2. 
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LlQUOBS  BBSULTINO  FROM  NiNB  WASHmOS  OF  OmS  TaHK  OF  ObX. 


8p.  Gr. 

No.  of  Qnbia  per  GaIIoii. 

Ou. 

CL 

a; 

Agf. 

l8t      .           . 

2nd  . 
8rd    . 
4th    . 
6th    . 
6th    . 
7th    . 
8th    . 
9th    . 

1-285 
1-250 
1-175 
1-080 
1-095 
1070 
1060 
1030 
1-020 

6,230 
4,600 
1,936 
646 
666 
692 
3i2 
200 
117 

10,798 
9,079 
3,215 
717 
643 
644 
217 

••• 

1,324 

1,465 

1,881 

1,265 

1,436 

1,688 

988 

434 

294 

4-06 
8-26 
1-05 
0-19 
0-12 
0-06 
0-08 
0-06 
O-04 

Washings  1  and  2  contain      82*50  per  cent,  of  total  silver. 
I   „         ],  2  and  8  contain  94*30        „  „ 

The  Yarious  operations  for  the  extraction  of  silver  are  conducted  in 
the  following  manner,  and  as  the  first  three  washings  contain  nearly  95 
per  cent  of  the  total  amount  of  that  metal  dissolved,  these  alone  are 
treated. 

The  liquors  are  first  run  into  wooden  cisterns,  each  having  a  capacity 
of  about  2,700  gallons,  where  they  are  allowed  to  settle. 

Estitnaiion  of  Silver  in  tha  Liquors, — The  yield  of  silver  per  gallon  is 
now  ascertained  by  taking  a  measured  quantity,  to  which  are  added  hydro* 
chloric  acid,  potassium  iodide,  and  a  solution  of  acetate  of  lead.  The 
precipitate  thus  obtained  is  thrown  upon  a  filter,  and,  after  being  <bied, 
is  fused  with  a  flux  consisting  of  a  mixture  of  sodium  carbonate,  bon]^ 
and  lamp-black.  The  resulting  argentiferous  lead  is  passed  to  the  cupel, 
and,  from  the  weight  of  the  button  of  silver  obtained,  the  amount  of  that 
mel^al  in  a  gallon  of  liquid  is  estimated 

Precipitation  of  Silver, — ^The  liquoif  from  the  settling  vat  is  allowed 
to  flow  into  another  of  slightly  larger  capacity,  whilst  at  the  same  tune 
the  exact  amount  of .  some  soluble  iodide, .  necessary  to  precipitate  the 
silver  present^  is  run  into  it  from  a  graduated  tank,  together  with  a 
quantity  of  water  equal  to  about  one-tenth  of  the  volume  of  the  copper 
solution.  During  the  filling  of  the  second  tank  its  contents  are  con- 
stantly stirred,  and,  when  filled,  it  is  allowed  to  settle  during  forty-eight 
hours. 

The  supernatant  liquors  are,  after  being  assayed,  run  off,  and  the  tank 
is  again  filled.  About  once  a  fortnight  the  precipitate  collected  at  the 
bottom  is  washed  into  a  vessel  prepared  for  its  reception. 

This  precipitate  is  composed  chiefly  of  a  mixture  of  lead  sulphate, 
lead  chloride,  silver  ipdide,  and  subsalts  of  copper,  from  which  the  latter 
salts  are  readily  removed  by  washing  with  water  acidulated  by  hydro- 
chloric acid.     When  thus  freed  from  copper  salts,  the  precipitate  is  de- 
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composed  by  metallic  zinc,  which  reduces  the  silver  iodide,  and  the  lead 
chloride.     The  results  of  this  decomposition  are — 

First,  a  precipitate  rich  in  silver,  and  containing  a  certain  amount  of 
gold. 

Second,  zinc  iodide,  which  is  employed  in  subsequent  operations  to 
precipitate  further  quantities  of  silver,  when  its  strength  in  iodine  has 
been  determined. 

The  more  important  constituents  contained  in  a  sample  of  the  pre- 
cipitate were  estimated  with  the  following  results  : — 

Analysis  of  Silver  Pbboipitats. 


Moisture  25  per  cent 

oji.    dwt.  gr. 

Ag 12-500   per  cent.  =  4,088    0    0  per  ton, 

Au  . 

.      0-0965                =z      31  10    0        „ 

Zn    . 

,      1-440 

Pb   . 

58-400 

On   . 

0-600 

GaO 

1-10 

Fe    . 

0-70 

SO,.        , 

6-68 

Inaolnble . 

7-60 

Mr.  Claudet's  process  for  the  recovery  of  silver  is  now  universally 
adopted  by  copper-extractors  throughout  Europe,  and  annually  yields 
laige  amounts  of  silver  and  gold,  which,  previous  to  its  discovery,  were 
entirely  lost  to  commerce. 

The  production  of  the  precious  metals  by  this  process  in  the  United 
Kingdom  alone  have  been  as  follows  : — 


SiWer. 

Gold. 

1870  to  1879      .        .        .       . 

1880 

1881 

1882 

1883 

To  January  3l8t,  1884 
Estimated  1884  and  1885  • 

Onnces. 
492,727 
206,981 
258,463 
377,189 
356,349 

Ounoes. 
1,925-6 
1,047-6 
1,489-8 
1,518-9 
1,983-2 

1,691,709 
800,000 

7,965-1 
4,000 

2,491,709 

11,965 

The  patent  having  expired  early  in  1884  no  record  has  since  been 
kept  of  the  quantities  of  silver  and  gold  annually  extracted,  and  the 
amounts  since  that  date  are  estimations  only.  The  total  cost  of  treating 
the  liquors  from  1  ton  of  cupriferous  pyrites  by  the  Claudet  process  is 
about  Sd.,  and  the  value  of  silver  and  gold  recovered  from  each  ton  of 
Bio  Tinto  burnt  ore  is  6s. 


742  ELEMENTS   OF   METALLURGY. 


GOLD. 

Gold  is  possessed  of  a  characteristic  yellow  colour,  and  is  the  most 
malleable  of  all  the  metals.  One  grain  of  gold  may  be  beaten  into  a  leaf 
having  a  superficies  of  56  square  inches,  which,  from  this  measurement^ 
and  the  known  specific  gravity  of  the  metal,  is  calculated  to  have  a  thick* 
ness  of  only  one  280,000th  of  an  inch. 

When  in  extremely  thin  leaves,  gold  is,  to  a  certain  extent,  trans- 
lucent, and,  on  being  held  between  the  observer  and  the  light,  appears  of 
a  greenish  colour.  When  large  quantities  of  gold  are  fused,  and  allowed 
slowly  to  cool,  octahedral  crystals,  frequently  modified  on  their  edges  and 
angles,  are  obtained.  Native  gold  likewise  affords  numerous  crystals 
belonging  to  the  cubic  system,  but  in  the  greater  number  of  these  the  faces 
of  the  octahedron  predominate.     The  Specific  gravity  of  *gold  is  19 '50. 

Gold  fuses  at  a  temperature  of  about  1,102^  C.,.and*w^®i^  ^^  ^^^ 
strongly  heated,  affords  sensible  metallic  vi^ucu  If  a  powerful  electric 
discharge  be  passed  through  a  fine  gold  wire  it  beoomes  dissipated,  and 
a  sheet  of  white  paper  held  beneath  is'staihed  ^tha  purple  line  caused 
by  a  deposit  of  minutely  divided  goldl  It,  instead  of  a  sheet  of  white 
paper,  a  plate  of  polished  silver  be  employed,  it  is  traversed  by  a  brightly 
gilded  line  firmly  attached  to  its  suiface.  A  globule  of  gold,  exposed 
between  carbon  electrodes  to  the  action  of  a  powerful  voltaic  current, 
enters  into  fusion,  and  gives  off  abundant  metallic  fumes,  by  which  its 
weight  becomes  rapidly  diminished. 

When  precipitated  from  its  solutions,  gold  assumes  a  dark  brown 
colour,  but  on  being  rubbed  by  a  piece  of  polished  steel,  or  other  hard 
surface,  it  readily  assumes  its  ordinary  colour  and  metallic  aspect  If 
precipitated  gold  in  this  form  be  strongly  heated,  and,  when  in  that  state, 
struck  with  a  hammer,  its  particles  become  welded  and  united  into  a  solid 
mass,  without  their  having  undeigone  actual  fusion. 

The  gold  used  in  the  manufacture  o{  jewelry,  as  w'ell  a^  that  employed 
for  being  coined  into  money,  is  invariably  alloyed  with  some  other  metal, 
such  as  copper,  and  is  therefore  lievef  puite.  Pur6  gold  may  be  inde- 
finitely exposed  to  the  action  of  air  and  moisture  without  becoming 
tarnished,  nor  is  it  oxidized  by  being  kept  in  a  state  of  fusion  in  open 
vessels.  Neither  sulphuric,  hydrochloric,  nor  nitric  acids  attack  gold, 
even  when  in  a  finely  divided  state ;  but  by  aqua  regia  it  is  readily 
attacked,  and  dissolved  in  the  form  of  auric  chloride.  Gold  may  also 
be  dissolved  by  hydrochloric  acid  to  which  some  substance  capable  of 
liberating  chlorine  has  been  added.  Among  these  mi^  be  mentioned 
chromic  acid  and  peroxide  of  manganese. 

Bromine,  even  in  the  cold,  attacks  this  metal,  although  by  iodine  it 
is  but  sparingly  acted  on,  even  by  the  aid  of  heat.  Gold  is  not  directly 
attacked  by  sulphur  at  any  temperature,  but  when  fused  with  alkaline 
sulphides,  is  rapidly  acted  on  with  the  formation  of  double  sulphides. 
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Gold  Ores. 


Gold  occurs  in  the  metallic  state,  alloyed  with  more  or  less  silver, 
and  frequently  with  minute  quantities  of  copper  and  iron.  It  is  also 
occasionally  found  in  combination  with  the  rare  metals  palladium  and 
rliodium,  as  well  as  with  mercury,  forming  a  native  amalgam.  With 
tellurium  it  forms  several  compounds  of  great  mineralogical  interest,  and 
of  some  commercial  importance. 

Native  Gold.  — This  generally  presents  a  characteristic  yellow  colour 
somewhat  paler  than  that  of  the  refined  metal,  but  its  natural  surfaces 
are  sometimes  dull  or  tarnished,  and  require  to  be  rubbed  with  some  hard 
substance  before  they  assume  the  ordinary  appearance  of  gold.  The 
hardness  of  gold  is  less  than  that  of  iron,  copper,  or  silver,  but 
greater  than  that  of  either  lead  or  tin.  When  broken  by  repeated 
bendings  it  presents  a  matted  silky  structure,  which  is  more  or  less  fine, 
in  accordance  with  the  purity  of  the  .specimen.  Native  gold  occurs 
crystallized,  in  branches,  filaments,  and  plates,  and  in  disseminated 
grains,  mixed  with,  and  forming  part  of^  various  alliivial  deposits. 
Crystalline  specimena  are  likewise  numevous,  the  octahedron  being 
generally  the  dominant  form.  Crystals  of  gold  seldom  occur  isolated, 
but  are  more  frequently  grouped  in  irregular  branches.  Their  faces 
are  often  dull,  and  sometimes  slightly  rounded,  even  in  specimens 
directly  extracted  from  the  vein,  which  cannot  have  been  exposed  to 
attrition. 

The  aggregations  of  gold  which  sometimes  occur  in  auriferous  veins, 
when  closely  examined,  are  often  found  to  consist  of  a  series  of  minute 
octahedra,  implanted  one  upon  another,  so  as  to  form  a  kind  of  chain. 

The  grains  and  fragments  found  in  alluvial  deposits  vary  greatly  in 
size,  but  are  generally  small,  constituting  "gold  dust,"  Wlien  of  the 
size  of  a  nut  and  upwards  they  receive  the  name  of  ^'nuggets";  and 
in  some  localities  such  pieces  are  not  of  unfrequent  occurrence. 

A  nugget  was  once  discovered  in  Cabarrus  County,  North  Carolina, 
weighing  37  lbs.  troy.  In  Paraguay,  masses  of  gold  varying  from  1  to 
50  lbs.  in  weight,  have  been  obtained.  Various  lumps  varying  from  16 
to  17  lbs.,  and  one  weighing  27  lbs.,  have  been  found  in  the  Ural  district. 
In  the  valley  Taschku  Targanka  a  fragment  was  met  with,  in  1842, 
which  weighed  nearly  100  lbs.  This  specimen  has  been  deposited  in  the 
Museum  of  Mining  Engineers  at  St.  Petersburg.  Large  specimens  of 
gold  have  been  obtained  from  California,  and  very  large  masses  have 
been  found  in  the  Australian  diggings.  The  "Welcome  Stranger," 
found  near  Dunolly,  Victoria,  afforded  2,268  ounces  of  gold. 

The  composition  of  native  gold,  obtained  from  different  localities,  is 
given  in  the  following  table,  from  which  it  will  be  seen  that  it  is  essen- 
tially an  alloy  of  gold  and  silver.  The  specific  gravity  varies  from 
14 '4  to  19 '3,  being  lowest  in  the  most  argentiferous  kinds.  The  term 
electi-um  is  sonuetimes  given  to  native  gold  in  which   the  proportion 
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of  silver  is  one-third  or  more.     Tliis  is  of  a  pale  primrose  or  straw 
yellow  tint. 

Akalysbb  of  Nativb  Gold. 


Locality. 


Au. 


Tranaylvania,  Yorospatak 

„  Barbara 

Beresof    . 
Siranovski,  Altai 
Brazil      . 
Bolivia,  Anoota 
„       Tipuani 
N.  Grenada,  Bogota 

„  Trinidad 

Pern,  Garabaya 
H      YungaB . 
Nova  Sootia^  Tangier 
California 


Canada,  Chaadi^re  . 
Australia 

„        Bathnrst  . 

H        MitU  Mitta 
Tasmania,  Giandara 

„  Black  Boy  Flat 


60-49 
84*80 
91*88 
60-98 
94  00 
94-73 
91*96 
92  00 
82*40 
97*46 
79*89 
98*13 
90*70 
90*96 
89*24 
99*28 
95*68 
89-67 
92*77 
94*95 


Ag. 


8874 

14*68 
8*03 

38-38 
5*85 
6*23 
7*47 
8  00 

17*60 
2-54 

20*11 
1-76 
8-80 
904 

10*76 
0*44 
3*92 

10*43 
7*23 
4*66 


Fe. 


013 


0-04 
trace 


trace 
0*38 


0*20 
0*16 


0*08 


Cu. 


Analyst. 


0-04 
0*33 


0  05 


0*07 


Rose. 


Daroet 
Forbes. 

M 

Bouss. 

I* 
I  Forbes. 

I         f» 

Marsh, 
i  Rivot 
j  Oswald. 

S.Hnnt. 

Northcute. 

Henry. 

Want 


According  to  Dana,  the  average  fineness  of  the  native  gold  of  Cali- 
fornia is  880  thousandths.  Australian  gold  is  purer  than  CalifomiaD,  and 
averages  from  900  to  960  thousandths  of  pure  metal.  The  gold  of 
Canada  contains  from  10  to  15  per  cent,  of  silver,  while  that  from  Kova 
Scotia  is  generally  very  pure. 

Tellurtde  Ores. — In  the  few  localities  producing  tellurium  it  is  almost 
invariably  associated  with  gold  and  silver,  forming  several  minerals,  of 
which  the  following  are  the  most  important : — 

Petzite  (AgAu)sTe,  containing  from  18  to  26  per  cent,  of  gold,  occara 
in  Transylvania  (Nagyag,  Ofifenbanya,  and  Rezbanya),  California  (Calaveras 
County),  and  Colorado  (Gold  Hill  district). 

Hessite  is  a  silver  telluride  of  the  same  constitution,  free  from  gold 

Sylvanite  or  Graphic  Tellurium  (AuAg)Tes,  is  the  most  abundant 
tellurium  mineral  at  Nagyag.  It  occurs  in  twins  and  other  groups  of 
silvery  white  crystals,  resembling  Hebrew  characters  interspersed  in  quart* 
vein  stuff.  It  is  also  found  in  the  American  localities.  The  proportion 
of  the  gold  is  from  25  to  27  per  cent.,  and  of  silver  11^  to  13  per  cent 

CoUaverite  is  a  more  auriferous  variety  of  a  brassy  yellow,  with  gold 
39  and  silver  33  per  cent.,  found  in  some  quantity  at  Gold  Hill,  Colorado. 

Nagyagite^  Foliated  or  Black  Tellurium  (PbAu)(TeS)t,  is  a  dark,  lead- 
grey,  foliated  mineral,  somewhat  like  antimonite,  characteristic  of  the 
Transylvanian  mines.     A  typical  specimen  contained — 

Pb.  An.  'Ag.  Cu.  To.  a 

50*95        9*10        0-53        0*99        30*09        9*70  per  cent. 

Sometimes  antimony  is  present  up  to  about  4*5  per  cent. 
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All  the  tellimde  ores  are  fusible  at  a  low  beat,  and  are  very  easily 
decomposed  by  air  or  alkaline  fluxes  on  cbarcoal,  leaving  a  residue  of 
gold  or  auriferous  sQver. 

Bismuth,  like  tellurium,  combines  with  gold,  but  the  only  definite 
compound  described  is  maldonite  (AuaBi),  from  Maldon,  Victoria.  This 
<$ontains  gold  64'5  and  bismuth  35*5  per  cent  fNative  bismuth  from 
Australia  and  South  America  is  often  notably  auriferous. 

Arsenical-,  magnetic-,  and  ordinary  iron-pyrites,  when  present  in  auri- 
ferous veins,  almost  invariably  contain  gold,  from  a  few  grains  to  a  few 
ounces  per  ton,  and  often  constitute  the  most  valuable  portions  of  such 
veins.  A  trace  of  gold  may  be  found  in  galena  by  operating  on  a  large 
quantity,  but  the  lead  smelted  from  it  is  rarely  auriferous  unless  pyritic  and 
antimonial  ores  accompany  it,  and  in  such  cases  the  gold  goes  rather  with 
the  copper  than  with  the  lead. 

Distribution  op  Gold. 

Gold  appears  to  be  as  widely  distributed  as  the  other  metals,  but 
it  usually  occurs  in  such  minute  quantities  that  it  may  escape  observation 
even  when  sufficient  is  present  to  pay  the  cost  of  extraction. 

Native  gold,  in  aitu,  is  most  frequently  met  with  in  quartz  veins  inter- 
secting metamorphic  rocks,  and  is,  almost  invariably,  associated  with 
iron  pyrites  and  other  metallic  sulphides,  such  as  galena,  blende,  <&& 
The  rocks  enclosing  gold  veins  are  mostly  chloritic,  talcose,  and 
argiUaceous  slates,  and,  less  frequently,  they  are  met  with  in  mica  schist, 
homblendic  slates,  gneiss,  diorite,  or  porphyry.  Auriferous  veins  aLso 
occur  in  granite.  Itacolumite,  a  laminated  talcose  quartzite,  is  common 
in  some  gold  regions,  in  Brazil  and  North  Carolina,  and  schists  contain* 
ing  specular  iron  or  granular  magnetite  sometimes  contain  gold. 

The  gold  of  quartz  veins  occurs  in  the  form  of  plates,  strings,  and 
thin  scales,  as  well  as  in  crystalline  grains ;  these  are  frequently  apparent 
to  the  eye,  but  rock  showing  no  visible  traces  of  gold  is  often  sufficiently 
rich  to  admit  of  being  treated  with  profitable  results. 

It  is  not,  however,  from  the  treatment  of  auriferous  quartz  that  the 
gold  ol  commerce  has  been  mainly  derived ;  a  very  large  proportion  of  it 
having  been  obtained  from  alluvial  diggings,  in  which  gold  is  separated 
from  its  associated  sands  and  gravels  by  washing. 

In  such  deposits  nature  has,  on  a  vast  scale,  performed  the  operations 
of  crushing  and  concentration,  and  has  finally  deposited  the  gold  in  posi- 
tions &om  which  it  can  be  cheaply  extracted.  To  this  circumstance  are 
mainly  attributable  the  sudden  fluctuations  which  have,  from  time  to 
time,  taken  place  in  the  gold-production  of  the  world.  On  the  discovery 
of  a  new  gold-region  a  large  amount  of  unskilled  labour  is  at  once  applied 
to  the  extraction  of  gold  from  alluvial  diggings,  while  to  obtain  the  same 
amount  of  gold  from  quartz  veins  would  necessitate  skilled  labour  and  the 
expenditure  of  a  large  amount  of  time  and  money.     Indeed,  had  not  this 
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natural  disintegration  and  concentration  taken  place,  a  large  portion  of 
the  gold  annually  collected  could  not  be  advantageously  brought  into  the 
market.  In  California  the  auriferous  gravel-beds  are  of  vast  extent^  and 
have  sometimes  a  thickness  of  250  feet. 

Alluvial  gold  occurs  in  the  form  of  flattened  grains  or  scales  of  dlffeient 
degrees  of  fineness,  tto  size  depending  partly  on  its  original  form  of  occa> 
rence,  and  partly  on  the  distance  to  which  it  has  been  transported  by 
water.  Gold  is  widely  distributed  over  the  surface  of  the  globe,  occuning 
in  rocks  of  various  ages,  from  the  oldest  almost  to  the  most  recent.  Bat 
although  this  metal  occurs  in  many  regions  of  crystalline  schists,  it  exists 
in  comparatively  few  localities  in  sufficient  quantities  to  render  its  extrac- 
tion remunemtive. 

In  Cornwall  and  Devon  tin-streams  afford  occasional  specimens  of  gold, 
but  not  in  sufficient  quantities  to  make  its  ^^oUection  of  commercial  impor- 
tance. The  older  schistose  rocks  of  North  Wales,  and  particularly  those 
of  Merionethshire,  have  long  been  known  to  enclose  auriferous  veins. 
This  gold-bearing  district  appears,  however,  to  be  confined  to  an  area  of 
about  twenty-five  square  miles,  chiefly  lying  north  of  the  road  leading 
irom  Dolgelly  to  Barmouth. 

It  has  been  ascertained  that  many  of  the  quartz  veins  occurring  in 
this  neighbourhood  contain  gold,  but  the  amount  found  has  always  proved 
insufficient  to  pay  working  expenses.  In  1861,  nearly  3,000  ounces  wen 
obtained  from  pockets  at  the  Yigra  and  Clogau  mines ;  and  this  result, 
having  become  known,  led  to  the  exploration  of  nearly  all  the  quartz 
veins  of  the  district.  These  operations  were  carried  on,  wit^  dediaing 
activity,  during  some  four  or  five  years,  by  the  end  of  which  period  tiiose 
embarked  in  the  enterprise  had  genersdly  arrived  at  the.  conclusion  that 
•gold-mining  in  Wales  had  not  been  remunerative.  The  total  quantity 
of  gold  produced  from  the  commencement  of  operations  in  North  Wales 
to  the  1st  of  April  1866,  amounted  to  12,800  ounces,  of  which  Yigra 
and  Clogau  produced  11,778  ounces.  The  chief  portion  of  the  gold  in 
these  mines  was  met  with  in  the  form  of  a  short  deposit^  which  soon 
became  exhausted,  but  the  Clogau  Mine,  although  long  since  unproduc- 
tive, is  still  in  operatioiu 

In  Scotland,  gold  occurs  at  Leadhills  in  Lanarkshire,  and  at  Glen 
Coich  in  Perthshire,  but  in  small  quantities  only,  although  in  the  reign  <^ 
Elizabeth  extensive  washings  for  gold  were  carried  on  in  the  alluviums 
of  Xeadhills.  More  recently  gold  has  been  discovered  in  Sutherland- 
shire,  but  the  district)  after  numerous  trials  by  returned  Australian  and 
Califomian  miners,  has  not  been  proved  to  be  productive  on  a  large 
scaler 

Towards  the  close  of  the  last  century  gold  was  discovered  in  the  county 
of  Wicklow,  disseminated  in  quartzose  and  ferruginous  sands.  The  gold 
was  found  chiefly  in  the  form  of  nuggets  of  considerable  size,  and  one  was 
obtained  weighing  22  ounces.  For  a  short  time  this  gold  was  collected 
on  a  comparatively  large  scale  by  the  neighbouring  peasantry,  who^  iu 
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the  couise  of  two  months,  gathered  an  amount  for  which  £10,000  sterling 
is  said  to  have  been  paid. .  The  working  of  the  deposit  was  subsequently 
undertaken  by  Qovermnent,  but  the  supply  soon  became  exhausted,  and, 
after  having  been  about  two  years  in  operation,  with  unprofitable  results, 
the  works  were  abandoned 

France  possesses  no  gold  mines,. but  the  sands  of  some  of  her  rivers 
are,  to  a  sxnall  extent,  auriferous.  The  only  quartz  veins  which  have 
been  known  to  contain  gold  are  that  of  La  Gardette,  in  the  Department  of 
Is^re,  some  veins  near  Massiac,  Cantal,  containing  a  little  gold  in  arsenical 
pyrites,  and  a  similar  vein  near  Fontgibaud,  Puy-de-D6me.  The  Bhone 
and  several  other  French  rivers  have  produced  small  quantities  of  gold, 
and  the  Ari^  is  said  to  have  derived  its  name  from  the  amount  of  auri- 
ferous sands  it  deposited. 

The  Bhine  has,  for  centuries,  produced  small  quantities  of  gold,  its 
sands  having  been  extensively  worked  in  the  neighbourhood  of  Strasbuig, 
&C.  In  1846,  M.  Daubr^  made  a  report  to  the  Academy  of  Sciences,  in 
which  he  states  that  the  most  productive  gravels  were  those  deposited 
below  sandbanks  or  gravel  islands  which  had  become  eroded  by  the 
action  of  the  river,  and  that  gold  was  found  in  a  somewhat  concentrated 
state  only  in  the  coarser  gravels,  from  which  the  finer  sands  had  been 
removed  by  running  water.  The  yield  of  the  year  1846  was  estimated 
by  M.  Daubr^e  at  £1,800,  the  washers  earning,  on  an  average,  from  one 
and  a  half  to  two  francs  per  diem. 

Gold  mines  were  successively  worked  in  Spain  by  the  PhoBuicians, 
Romans,  and  Moors,  and,  although  the  amount  now  obtained  is  insigni- 
ficant, it  is  stated  to  have,  at  one  period,  produced  large  quantities  of  the 
precious  metal  The  present  small  yield  is  derived  from  irashing  the 
«and8  of  streams  and  rivers,  and  the  total  annual  value  obtained  may  be 
•estimated  at  about  £1,500 ;  but  some  new  alluvial  gravel  workings  have 
lately  been  undertaken  in  Leon  and  elsewhere. 

A  number  of  localities  in  Italy  were  known  to  the  ancients  as  pro- 
ducing gold,  and  at  one  period  this  metal  was  worked  so  extensively 
that  the  quantity  produced  is  said  to  have  caused  a  reduction  of  one- 
third  in  its  price.  At  present,  the  only  gold  mines  of  any  importance  are 
in  the  north.  The  amalgamation  works  are  situated  on  small  streams 
near  the  foot  of  Monte  Bosa,  where  gold  is  found  in  the  valleys  of 
Anzasca,  Toppa,  and  Antrona.  The  principal  mines  are  those  of  Yal 
Toppa  and  Pestarena,  which  are  being  worked  by  English  capitalists, 
and  where  the  ores  consist  of  a  compact  auriferous  pyrites.  The  aggre- 
gate produce  of  these  mines  during  the  year  1881  amounted  to  7,249 
ounces,  of  the  total  value  of  £25,562,  6s.  3d. 

The  amount  of  gold  produced  in  Germany  is  small,  although  in  some 
localities,  chiefly  on  the  Bhine  and  its.  tributaries,  washing  and  mining 
opezations  in  pursuit  of  this  metal  have  been  carried  on  from  remote 
antiquity. 

In  Tyrol  and  Salzburg  a  little  gold  has  long  been  obtained  by  the 
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treatment  of  exceedingly  poor  ores.  At  Zell,  in  1847,  the  average  yield 
of  the  vein-stuff  treated  was  2^  dwts.  per  ton.  The  annual  production 
of  the  mines  of  Tyrol  and  Salzburg  may  be  estimated  at  100  lbs.  troy. 

The  most  important  gold  mines  of  Europe  are  those  of  Hungary  and 
Transylvania,  where  gold  is  found  in  veins  of  auriferous  pyrites  associated 
with  galena  and  sulphides  of  silver.  The  mines  of  Hungary  have  been 
worked  since  the  eighth  century,  the  operations  being  conducted  with 
much  skill  and  economy.  At  Schemnitz  and  Kremnitz  the  ores  afford 
both  silver  and  gold,  together  with  a' sufficient  amount  of  galena  to 
materially  assist  in  their  metallurgical  treatment  In  Transylvania  some 
of  the  mines  afford  the  rare  combinations  of  gold  and  telluriunL  The 
production  of  gold  from  the  mines  of  the  Austro-Hungarian  Empire 
amounted  in  1876  to  5,100  lbs.  troy. 

In  Sweden  there  is  a  mine  at  Edelfors,  in  SmSland,  where  gold  occurs 
in  auriferous  pyrites,  but  the  produce  of  tiiie  country  is  insignificant. 

The  gold  mines  of  the  Bussian  Empire  are  situated  partly  on  the 
eastern  flank  of  the  Urals  and  partly  in  the  interior  of  Siberia. 

The  produce  of  the  Eussian  washings  in  1877  amounted  to  106,600 
lbs.  troy. 

Gold  is  found  in  the  rivers  of  Syria  and  in  parts  of  Asia  Minor, 
and  the  Pactolus,  a  river  of  Lydia,  was  anciently  celebrated  for  its  golden 
sands.  Gold  mines  are  also  known  to  be  worked  in  Tibet,  where  this 
metal  is  found  in  quartz  veins  traversing  a  crumbling  granite.  It  is  also 
met  with  in  the  southern  part  of  Hindostan,  where  numerous  mines  have 
been  started  of  late  years,  as  well  as  in  the  Eastern  Archipelago.  Gold- 
washing  is  likewise  carried  on  in  China  and  Japan,  both  of  which 
countries  are  believed  to  afford  a  somewhat  considerable  annual  yield. 

Africa  was  probably  the  source  of  a  large  proportion  of  the  gold  pos- 
sessed by  the  ancients,  and  nearly  all  modem  travellers  who  have  pene- 
trated into  the  interior  of  that  continent  agree  in  their  accounts  of  its 
wealth.  The  whole  of  the  gold  which  Africa  now  supplies  is  in  the 
form  of  dust  and  water-worn  grains,  obtained  from  alluvial  washings. 

The  gold  of  Southern  Abyssinia  occurs  in  quartz  enclosed  in  granite, 
and  is  associated  with  haamatite  and  iron  pyrites ;  gold  is  also  found  in 
alluvial  deposits  of  an  ochreous  character. 

Gold-fields  have  been  discovered  in  Cape  Colony,  near  the  frontier 
of  the  Transvaal  Republic,  which  also  contains  auriferous  deposits  of  iffl. 
portance ;  but  no  practical  results,  on  any  extensive  scale,  appear  to  have 
been  obtained. 

The  annual  amount  of  gold  annually  furnished  by  Africa  is  estimated 
at  about  3,800  lbs.  troy. 

The  gold-fields  of  the  United  States  of  America  may  be  divided  into 
three  great  geographical  divisions,  viz.,  those  of  the  Atlantic  slope,  or  the 
Appalachian  gold-region,  worked  to  some  extent  for  the  last  sixty  years ; 
those  of  the  Pacific  States,  of  which  those  of  California  may  be  considered 
among  the  most  important ;  and  those  of  the  Bocky  Mountains. 
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The  Appalachian  gold-fields  are.  included  within  the  Stat 
ginia,  North  Carolina,  South  Carolina,  Georgia,  Tennessee,  and  . 
although  some  others  have  occasionally  afforded  specimens  of  the  precib 
metal    The  first  notice  of  the  discoveryof  gold  occurs  in  Jefferson's  *  Notes 
on  Viiginia;'  Drayton,  in  his  'View  of  South  Carolina'  (1802),  also 
mentions  the  finding  of  a  small  piece  of  this  metal  on  Paris  Mountain* 

The  first  United  States  gold  was  coined  in  1825,  and  from  that  time 
up  to  1830  four^fiths  of  the  gold  coinage  of  the  country  was  of  American 
gold.  From  1804  to  1827  North  Carolina  furnished  the  whole  of  the 
gold  produced  in  the  United  States,  amounting  to  $110,000 ;  but  in 
1829  Virginia  contributed  $2,500,  and  in  the  same  year  South  Carolina 
yielded  $3,500.  In  1830  Greorgia  made  its  first  deposit  at  the  Mint^ 
amounting  to  $212,000.  Previous  to  1825,  all  the  gold  of  North 
Carolina  had  been  procured  from  washings,  but  in  that  year  auriferous 
veins  were  discovered.  This  turned  attention  from  the  '^  deposit  mines  " 
to  ^^vein  mines,"  and  led  to  the  discovery  of  gold  veins  in  various 
localities  in  that  and  the  adjoining  States. 

In  1852-53,  the  discoveries  which  had  then  been  recently  made  iu 
California,  produced  great  excitement  with  regard  to  gold-mining  gene- 
rally, and  attention  was,  as  a  natural  consequence,  directed  to  the  auri- 
ferous districts  of  the  southern  Sfcates.  Many  English  and  American 
companies  were  formed  for  the  purpose  of  working  the  mines  of  the 
Atkoitic  coast,  and  for  a  time  mining  operations  were  actively  prosecuted, 
but  without  permanently  satisfactory  results,  and  the  southern  gold- 
region,  after  a  short  period  of  spasmodic  activity,  again  subsided  into 
comparative  obscurity. 

The  Pacific  divisions  comprehend  California,  Nevada,  Utah,  Arizona, 
Idaho,  Oregon,  Washington,  and  Alaska. 

Although  it  had  long  been  known  that  gold  had  occasionally  been 
found  in  California,  yet  xmtil  the  acquisition  of  that  region  by  the 
United  States  of  America  but  little  was  known  either  of  the  country  or 
of  its  productions.  The  first  practical  discovery  of  this  metal  was  made 
either  late  in  February,  or  early  in  March,  1848,  by  Colonel  Sutter,  on 
the  south  branch  of  the  American  River,  at  a  place  now  called  Coloma, 
and  in  the  following  July  4,000  people  were  employed  in  washing  on 
the  American  Biver  and  its  tributaries,  and  were  extractiiig  gold  of  the 
value  of  from  $30,000  to  $40,000  daily. 

The  fame  of  these  discoveries  became  widely  spread  during  the 
latter  months  of  1848  and  the  spring  of  1849,  and  a  rapid  influx  of 
immigration  commenced,  which  has,  with  less  activity,  continued  to  the 
present  time,  and  had  in  1874  already  resulted  in  an  addition  of  at 
least  3,500,000  lbs.  troy  of  gold,  value  £175,000,000,  to  the  available 
bullion  of  the  world. 

The  great  auriferous  belt  of  California  lies  on  the  western  slope  of 
the  Sierra  Nevada,  beginning  in  the  vicinity  of  the  T^jon  Pass,  and 
extending  through  the  State  to  its  northern  limit.     The  principal  gold 
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region  may,  however,  be  said  to  occupy  the  western  portions  of  the 
counties  of  Mariposa,  Tuolumne,  Calaveras,  Amador,  El  Dorado,  Placer, 
Nevada,  Sierra,  and  Plumas,  with  portions  of  the  eastern  sides  of  Yuba 
and  Butte  counties. 

The  rocks  of  the  auriferous  belt  are  principally  Jurassic  and  TriaBsic> 
and  nothing  older  than  Carboniferous  has  been  found  in  the  gold  r^on. 

The  gold  of  California  is  derived  from  three  sources: — 

Ist.  From  auriferous  veins,  most  frequently  inclosed  in  metamorphic 
slates. 

2nd.  From  deposits  of  alluvial  gold  occupying  ancient  river-courses. 

Srd.  From  deposits  in  which  the  gold  of  ancient  river-systems  has 
been  redistributed  by  more  modem  streams. 

Auriferous  veins,  like  all  others,  are  exceedingly  variable,  not  only 
in  dimensions,  but  also  in  productiveness.  It  is,  however,  generally 
observed  that  the  widest  veins  are  not  usually  the  richest^  and  that  some 
of  the  bands  running  parallel  with  the  inclosing  walls  are  unifoimly 
more  productive  than  others.  .As  a  genenl  rule  those  veins  are  most 
auriferous  which  contain  a  considerable  amount  of  metallic  sulphides, 
more  particularly  iron  pyrites,  and  but  few  which  do  not  afford  a  notable 
percentage  of  this  mineral  are  found  permanentiy  remunerative. 

Contrary  to  an  opinion  generally  entertained  a  few  years  since,  gold 
veins  are  not  found  to  be  more  liable  to  impoverishment  in  depth  tiiau 
are  other  lodes,  some  of  those  on  the  Pacific  coast  having  been  worked, 
on  their  inclination,  to  a  depth  of  more  than  1,450  feet  without  experienc- 
ing ^hy  diminution  in  yield. 

In  many  localities,  and  particularly  between  the  south  and  middle 
forks  of  the  Yuba  Biver,  the  auriferous  gravels  belonging  to  the  second 
class  have,  under  ordinary  circumstances,  a  thickness  of  120  feet;  and 
when,  as  is  isometimes  the  case,  these  ancient  river-beds  have  been  pro- 
tected by  a  capping  of  basalt,  their  thickness  sometimes  exceeds  250  feet 
These  deposits  are  worked  by  a  process  known  as  hydraulic  mining,  and  at 
one  period  yielded  one-half  of  the  gold  annually  produced  in  the  country. 

These  ancient  river-beds,  or  de^  placers^  are  of  Pliocene  age,  and 
frequently  enclose  trunks  of  large  trees  which  have  become  completely 
silicified. 

The  attention  of  the  first  miners  was  exclusively  directed  to  deposits 
of  the  third  class,  or  ahallmo  placers,  in  which  gold  lay  near  the  surface 
and  within  the  reach  of  those  who,  without  capital,  were  in  posseasion  of 
ordinary  mining  tools.  These  shallow  diggings,  however,  became  gradu- 
ally exhausted,  and  at  the  expiration  of  some  five  or  six  years  attention 
was  generally  directed  to  deeper  deposits. 

!nie  greatest  exportation  of  gold  from  California  took  place  in  the 
year  1852-53,  when  the  amount  was  estimated  at  about  240,000  lb&  troy; 
from  that  period  the  export  of  gold  bullion  has  been  gradually  diminish- 
ing, and  the  present  annual  production  of  the  State  is  not  above  70,000 
lbs. 
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The  division  of  the  Bocky  Mountains,  \yhich  yields  about  23  per  cent 
of  the  gold  annually  produced  in  the  United  States,  comprehends  Colorado, 
Dakota,  Montana,  New  Mexico,  and  Wyoming.  The  alluvial  deposits 
of  these  states  are  of  less  importance  than  their  vein  mines,  which  are 
often  pyritic,  yielding  smelting  ores  in  large  quantities. 

The  total  production  of  gold  in  the  United  States  of  America  during 
the  year  1884  was  124,097  lbs.  troy. 

Although  the  most  productive  gold-fields  of  North  America  are  com- 
prehended within  the  limits  of  the  United  States,  several  provinces  of 
the  Dominion  of  Canada  annually  afford  a  certain  amount  of  gold. 

The  existence  of  this  metal  in  Quebec  first  attracted  attention  in 
1847,  although  it  is  stated  that  a  French  Canadian  had  found  specimens 
of  some  value  long  before  that  date.  In  1850  gold  was  discovered  in 
the  alluvium  of  the  Chaudi^re  and  various  neighbouring  streams,  which 
were  subsequently  worked  by  the  Chaudi^re  Gold-Mining  Company;. but 
the  returns  obtained,  both  from  the  alluvial  washings  and  from  quartz- 
mining  operations,  still  remain  exceedingly  smalL 

The  working  of  auriferous  arsenical  pyrites  has  latterly  been  com- 
menced at  Marmora  in  Ontario. 

The  late  Sir  James  Douglas,  when  governor  of  Vancouver's  Island  in 
1856,  reported  the  discovery  of  gold  in  British  territory  north  of  latitude 
49**,  but  stated  that  in  consequence  of  the  hostile  attitude  assumed  bv. 
Indians  the  number  of  diggers  was  small.  In  1858,  however,  the  atrea^ 
of  immigration  set  in  with  sufficient  force  to  overcome  the  opposition 
of  the  natives,  and  from  that  period  British  Columbia  has  permanently 
become  a  gold-producing  country. 

It  has,  however,  been  found,  that  although  the  country  is  rich  in 
gold,  the  winters  are  so  severe  as  to  preclude  the  possibility  of  continuous 
mining  during  the  colder  months,  and  this,  together  with  the  difficulties 
of  access  and  transport,  has  caused  British  Columbia  to  be  somewh&t 
unpopular  among  gold  miner&  Latterly  the  prospect  has  been  improved 
by  the  completion  of  the  Canadian  Pacific  Kailway.  Nearly  the  whole 
of  the  gold  produced  finds  its  way  to  San  Francisco,  and  as  a  large 
proportion  reaches  that  city  through  private  hands  it  is  impossible  to 
obtain  exact  statistics.  The  total  annual  yield  of  British  Columbia  ifi^ 
however,  probably  between  10,000  and  12,000  lbs.  troy. 

A  few  years  since  attention  was  called  to  the  Province  of  Nova  Scotia 
by  an  article  published  in  '  Blackwood's  Magazine,'  in  which  it  was  stated 
that  gold  would  be  found  in  the  hills  south  of  Annapolis ;  and  a  com- 
parison was  instituted  between  that  locality  and  the  valley,  of  the  Sacrar 
mento.  So  long  ago  also  as  1855  Dr.  Dawson,  in  his  'Acadian  Geology/ 
when  describing  some  of  the  metamorphic  rocks  of  the  country, 
observes : — "  Quartz  veins,  however,  occur  abundantly  in  some  parts  of 
this  district,  and  it  would  not  be  wonderful  if  some  of  them  should  be 
found  to  be  auriferous." 

In  the  month  of  March,  1861,  a  man  who  was  stooping  to  drink  at  a 
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riYulet  observed  a  piece  of  gold  among  the  pebbles  at  the  bottom.  Dnring 
the  coarse  of  the  following  June  gold  was  discoveied  in  quartz  veins  in 
the  cliff  near  Lunenburg,  and  subsequently  in  the  sands  on  the  beach 
beneath  the  headland,  in  which  auriferous  veinstone  had  been  previously 
met  with.  Crold  discoveries  now  followed  each  other  in  rapid  succession 
at  Lawrencetown,  Dartmouth,  Sheet  Harbour,  Isaacs  Harbour,  Sherbrooke, 
Waverley,  Oldham,  and  elsewhere. 

Auriferous  drift  occurs  in  Kova  Scotia  only  in  patches  of  very  limited 
extent,  and  almost  the  whole  of  the  gold  hitherto  obtained  has  been  the 
produce  of  the  treatment  of  gold  quartz.  The  veins  are  generally  small, 
but  tolerably  rich  in  gold.  The  production  of  gold  in  this  Province  in 
1883  was  1,175  lbs.  troy. 

Mexico,  although  rich  in  silver,  yields  comparatively  little  gold, 
almost  the  whole  of  the  latter  metal  being  separated  from  argentiferous 
ores. 

Little  is  known  respecting  the  auriferous  districts  of  Central  Amenca, 
except  that  Costa  Bica  and  some  other  States  annually  produce  a  certain 
amount  of  this  metal. 

The  principal  mines  of  Brazil  are  situated  in  the  province  of  Minas 
Greraes,  and  are  wrought  chiefly  on  extensive  deposits  of  auriferous  pyrites. 
The  Mono  Yelho  mine,  belonging  to  the  St.  John  d'El  Bey  Company,  was, 
up  to  within  the  last  fifteen  years,  the  largest  and  most  prosperous  mine 
in  Brazil,  having,  since  1839,  produced  a  net  profit  to  the  proprietors  of 
over  a  million  sterling.  This  undertaking,  after  suffering  from  the  effects 
of  a  disastrous  fire,  has  lately  been  stopped  by  extensive  falls  of  rock 
undeiground.  Brazil  afforded  its  laigest  yield  of  gold  about  the  middle 
of  the  eighteenth  century,  before  the  comparative  exhaustion  of  its  rich 
alluvial  deposits,  when  the  amount  on  which  the  royal  fifth  was  annually 
paid  varied  from  17,000  to  21,500  lbs.  The  production  of  Minas 
Geraes,  by  fax  the  most  productive  mining  district  of  the  country,  was 
estimated  in  1879  at  4,900  lbs.  troy  per  annum. 

The  present  annual  production  of  the  great  South  American  gold- 
fields  north  of  the  river  Amazon,  comprehending  the  United  States  of 
Columbia,  Venezuela,  Dutch  and  French  Guiana,  is  about  27,000  lb& 
troy,  the  Venezuelan  mines  being  the  most  important 

The  first  authenticated  discovery  of  gold  in  Australia  was  made  in 
1839  by  Count  Strzelecki,  and  the  presence  of  the  precious  metal  was 
again  noticed  in  1841  by  the  Bev.  W.  B.  Clarke,  of  Sydney ;  but  the 
existence  of  extensive  gold-fields,  almost  throughout  Australia,  was  first 
announced  in  1851  by  Mr.  E.  H.  Hargreaves,  a  returned  Califomian 
miner. 

It  would  appear  from  the  investigations  of  Mr.  A.  B.  C.  Selwyn  that 
the  gold-bearing  strata  of  Victoria  are  of  greater  age  than  the  auriferous 
rocks  of  California,  and  that  they  most  frequently  belong  to  the  Silu- 
rian epoch. 

With  regard  to  the  occurrence  of  the  precious  metal  in  Victoria,  Mr. 
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K.  B.  Smyth,  then  Secretary  of  Mines  for  the  Colony,  remarks  ('Inter- 
colonial Inhibition,  1861 ') :  "  Gold  is  now  found  to  occnr  not  only  in 
quartz  veins  and  the  alluvial  deposits  derived  from  these  and  the  sur- 
rounding rocks,  but  also  in  the  clay  stone  itself ;  and,  contrary  to  expec 
tation,  flat  bands  of  auriferous  quartz  have  been  discovered  in  dykes  of 
diorite,  which  intersects  the  Upper  Silurian  or  Lower  Devonian  rocks. 
Quartz  of  extraordinary  richness  has  been  obtained  from  these  bands,  and 
the  new  experience  of  the  miner  is  leading  him  to  look  for  gold  in  places 
hitherto  entirely  neglected," 

In  Australia,  as  in  California,  the  gold  first  obtained  was  entirely 
derived  from  the  more  recent  gravels,  but  ancient  river-beds,  often 
covered  by  a  thick  capping  of  basalt,  have  since  proved  highly  productive. 
As  in  California,  quartz  veins  are  now  advantageously  worked  to  very 
considerable  depths  below  the  surface. 

The  largest  gold-yield  of  Victoria  was  in  the  year  1856,  when  the 
total  produce  was  249,000  Iba  troy ;  its  annual  production  is,  at  the 
present  time,  about  72,100  lbs.  troy,  worth  £3,458,440.  The  total 
amount  of  gold  produced  in  the  colony,  from  1851  to  the  present  time, 
is  estimated  at  about  4,200,000  lbs.  troy ;  worth  approximately, 
£201,300,000. 

The  produce  of  the  gold-fields  of  New  South  Wales,  from  their  dis- 
covery in  1851  to  1882,  though  less  than  that  of  Victoria,  was  780,470 
lbs.,  representing  a  value  of  £34,870,360. 

South  Austndia  has  produced  small  quantities  of  gold,  and  Tasmania 
annually  yields  about  4,800  lbs.  troy,  worth  £217,000. 

In  1882  Queensland  produced  19,175  lbs.  of  gold,  of  the  value  of 
£829,655.  In  this  colony  the  veins  produce  both  free  milling  quartz 
and  very  refractory  pyritic  ores,  the  latter  being  often  very  rich  in  gold, 
and  many  new  mines  have  lately  been  commenced. 

Gold  was  first  discovered  in  New  Zealand  in  1842,  and  the  principal 
portion  of  that  which  has  been  exported  from  the  colony  has  been  the 
produce  of  the  South  Island.  The  yield  of  New  Zealand  in  1882  was 
24,436  lbs.  troy  of  gold,  value  £1,170,520. 

Various  other  localities  annually  afford  small  amounts  of  this  metal, 
either  from  alluvial  washings  or  from  regular  mining,  but  the  total  aggre- 
gc^e  yield  of  such  operations  is  comparatively  small  The  total  value 
of  the  gold  now  annually  produced  in  the  world  is  about  £21,000,000. 

Assay  of  Auriferous  Minerals. 

Minerals  containing  gold  are  assayed  in  the  same  way  as  ores  of 
silver,  but  as  the  former  usually  contain  only  a  very  small  proportion  of 
the  precious  metal,  it  becomes  necessary  to  operate  on  larger  samples  than 
are  used  in  silver  assaying.  When  these  minerals  contain  lead  they 
may  be  conveniently  fused  with  a  proper  quantity  of  black  flux ;  but  ores 
free  from  lead,  and  containing  metallic  oxides,  may  be  advantageously 
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assayed  by  the  addition  of  a  mixture  of  litharge  and  powdered  charcoal 
or  black  flux.  When  chiefly  composed  of  siliceous  and  earthy  matteis 
mixed  with  metallic  sulphides,  such  as  mispickel,  or  iron  or  copper 
pyrites,  their  fusion  may  be  effected  by  the  use  of  litharge  only.  Lastly, 
when  these  sulphides  so  preponderate  as  to  yield  too  large  a  button  of 
lead  for  convenient  cupellation,  a  mixture  of  litharge  and  nitre  may  be 
used  with  advantage. 

Assay  op  Gold  Quartz,  etc. — ^To  make  an  assay  of  auriferous  quartz, 
the  sample  must  be  finely  pulverized,  and  may  be  mixed  with  red  lead 
or  litharge,  together  with  a  little  carbonate  of  sodium,  borax,  and  an 
amount  of  pounded  charcoal,  sufficient  for  the  production  of  a  button  of 
lead  of  a  convenient  size  for  cupellation. 

In  the  case  of  very  poor  ores, -the  silver  derived  from  the  oxide  of 
lead  will  frequently  be  sufficient  for  the  purpose  of  inquartation,  while 
for  richer  ores,  the  addition  of  a  little  pure  silver,  at  the  time  of  placing 
the  button  on  the  cupel,  becomes  necessary. 

If,  besides  gold,  the  ore  contains  pyrites,  or  any  other  sulphuretted 
mineral,  the  addition  of  a  reducing  agent,  such  as  charcoal,  may  some- 
times be  dispensed  with,  and  the  fusion  be  made  either  with  oxide  of 
lead  alone  or  with  oxide  of  lead  and  a  little  borax. 

When  pyrites,  or  any  other  metallic  sulphide,  is  present  in  Luge 
quantities,  the  sample  should  be  first  roasted  until  all  traces  of  sulphur 
have  ceased  to  be  evolved,  and  then  treated  as  in  the  case  of  substances 
not  containing  that  body,  but  with  the  addition  of  a  larger  proportion  of 
charcoal  and  borax.  Unless  the  sulphur  is  expelled  either  by  a  pre- 
liminary roasting,  or  oxidized  during  the  operation,  it  may  give  rise  to 
the  formation  of  alkaline  and  other  sulphides,  which  are  liable  to  cause 
a  portion  of  the  gold  to  combine  with  the  slag. 

Sampling, — Although  it  is  easy  to  estimate  with  considerable  accu- 
racy the  amount  of  gold  contained  in  a  sample  of  ore,  it  is  much  more 
difficult  to  obtain  a  fair  average  sample  of  the  total  produce  of  a  vein. 
When  the  metal  is  in  a  state  of  fine  division,  and  uniformly  disseminated 
throughout  the  matrix,  this  presents  little  difficulty ;  but  when,  on  the 
contrary,  it  is  granular,  and  occurs  in  irregular  grains,  much  caie  is 
necessary  to  ensure  trustworthy  assays. 

It  is  of  importance,  therefore,  that  whenever  ores  are  to  be  assayed 
for  gold,  great  care  should  be  taken  in  procuring  the  samples  on  which 
the  operation  is  conducted.  With  this  view  the  heaps  should  be  well 
cut  through,  and  about  2  tons  taken  out  of  each.  The  ore  thus  obtained 
must  be  reduced  to  fragments  of  the  size  of  beans,  which,  when  a  stone- 
breaker  is  not  at  hand,  may  be  accomplished  with  hammers  on  an  iron 
plate. 

The  ore  thus  prepared  must  now  be  thoroughly  mixed,  made  into  a 
heap,  and  again  cut  through,  taking  out  of  it  this  time  3  or  4  cwta, 
which  are  reduced  to  the  state  of  coarse  powder,  in  a  crushing  mill,  in  a 
large  mortar,  or  on  an  iron  plate.     After  being  again  mixed,  the  powdered 


GOLD.  755 

ore  is  cut  through,  and  ahout  20  lbs.  taken  for  the  purpose  of  being 
still  further  reduced  in  size ;  this  must  be  passed  through  a  sieve  of  fine 
wire  gauze.  On  the  sample  thus  prepared,  five  or  six  different  assays 
are  to  be  made,  and  the  mean  of  the  results  is  taken  as  the  produce  of 
the  ore  examined.  Any  flattened  grains  of  gold  which  may  remain 
upon  the  sieve  must  be  carefully  collected,  cupelled  with  lead  foil,  parted, 
and  weighed;  the  proper  proportion  of  its  weight  being  added  by 
calculation,  to  the  result  of  the  assay&  By  operating  as  above  described, 
great  accuracy  is  insured ;  but  when  a  less  degree  of  exactitude  is  suffi- 
cient, the  quantities  of  ore  crushed  'may  be  reduced,  and  the  number  of 
assays  fewer. 

Fusion  with  Litharge,  Sodium  Carbonate,  ^c, — When  the  quartz  con- 
tains only  traces  of  pyrites,  or  of  any  other  sulphide,  1,000  grains  of  finely- 
divided  ore  may  be  mixed  with  three  times  its  weight  of  litharge  or  red 
lead,  200  grains  of  sodium  carbonate,  200  grains  of  borax,  and  from  15 
to  20  grains  of  pulverized  charcoal  Auriferous  pyrites  should  be  first 
pulverized  and  then  roasted,  until  all  odour  of  sulphur  has  ceased  to  be 
evolved.  The  roasted  ore  is  mixed  with  half  its  weight  of  dry  sodium 
carbonate,  twice  its  weight  of  red  lead  or  litharge,  a  proper  amount  of 
charcoal,  and  some  fused  borax.  The  mixture  must  be  introduced  into 
an  earthen  crucible,  of  which  it  should  not  occupy  more  than  one-half 
the  capacity,  and  after  being  thoroughly  fused  in  an  assay  furnace  the 
pot  and  its  contents  are  removed  by  proper  tongs  and  allowed  to  cool. 
When  sufficiently  cold,  the  crucible  is  broken,  and  the  button  of  lead 
removed  for  the  purpose  of  being  cupelled.  If,  in  the  first  experiment, 
the  button  obtained  weighs  less  than  100  grains,  a  little  more  charcoal 
ought  to  be  added.  Instead  of  breaking  the  pot,  the  crucible,  on  being 
removed  from  the  fire,  may  be  held  between  the  bent  jaws  of  a  pair  of 
tongs  and  its  contents  poured  into  a  conical  cast-iron  mould. 

Fmion  with  Bed  Lead  or  Litharge, — In  cases  where  the  sample  of 
quartz  contains  a  sufficient  amount  of  pyrites  to  reduce  a  quantity  of  lead 
convenient  for  cupellation,  the  assay  may  be  effected  by  fusion  with 
litharge,  or  red  lead  alone.  When  this  method  is  employed,  oxide  of  lead 
must  be  used  in  large  excess,  and  1,000  grains  of  the  ore  may  be  fused 
with  from  four  to  five  times  its  weight  of  red  lead  or  litharge.  If  the 
button  obtained  be  not  sufficiently  large,  its  size  may  be  increased,  to 
any  desired  extent,  by  the  judicious  addition  of  lamp-black  or  powdered 
charcoal. 

Cupdlatton. — The  buttons  of  alloy  obtained  are  cupelled,  with  pre 
cautions  enumerated  when  treating  of  the  assay  of  alloys  of  silver, 
although  when  gold  is  the  metal  sought^  the  process  is  in  a  slight 
degree  varied. 

When  the  resulting  button  consists  of  an  alloy  of  lead,  silver,  and 
gold,  with  a  small  admixture  of  more  oxidizable  metals,  its  cupellation 
presents  even  less  difficulty  than  in  the  case  of  alloys  of  lead  and  silver, 
because  in  the  first  place  gold  is  less  volatile  than  silver,  and  consequently 
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may  be  exposed  to  a  greater  heat,  and  in  the  second  less  loss  is  expe- 
rienced at  a  high  temperature  hj  absorption  into  the  cupeL 

When  in  addition  to  gold,  silver,  and  lead,  the  assay  button  contains 
copper,  it  must  be  cupelled,  like  similar  alloys  of  silver ;  but  as  copper  pos- 
sesses a  greater  affinity  for  gold  than  it  has  for  silver,  a  large  addition  of 
lead  must  be  made  to  insure  the  production  of  a  pure  button. 

Parting, — When,  as  is  almost  universally  the  case,  the  button 
obtained  by  the  fusion  of  the  ore  contains,  in  addition  to  lead  and  gold 
a  notable  proportion  of  silver,  it  must  be  cupelled  at  a  moderate  tempe- 
rature, and,  if  necessary,  an  additional  quantity  of  silver  added.  By 
operating  in  this  iray,  the  button  obtained  on  the  cupel  consists  of  an 
alloy  of  silver  and  gold,  vhich  is  afterwards  treated  with  an  excess  of 
nitric  acid.  This  effects  the  solution  of  the  silver,  and  leaves  the  gold 
in  the  form  of  a  brown  powder,  in  the  bottom  of  the  flask  in  which  the 
operation  has  been  conducted.  In  order  to  obtain  exact  results,  it  is, 
however,  necessary  that  a  certain  relation  should  exist  between  the 
amount  of  the  two  metals  of  which  the  alloy  is  composed,  since  if  the 
silver  be  not  present  in  sufficient  quantity  the  mixture  is  not  completely 
attacked  by  nitric  acid.  On  the  other  hand,  when  too  large  a  proportion 
of  this  metal  is  added,  the  gold  remains  in  a  pulverulent  form,  which 
renders  its  collection  for  weighing  somewhat  difficult 

The  above-described  operation,  which  has  received  the  name  of  "  part- 
ing," succeeds  best  when  the  alloy  contains  about  three  parts  of  silver  to 
one  of  gold,  and  therefore,  in  all  cases,  the  addition  of  silver  must  be  so 
managed  as  to  agree  as  closely  as  possible  with  this  proportion.  If  the 
alloy  contains  less  than  two  and  a  half  parts  of  silver  to  one  of  gold,  the 
solution  of  the  silver  cannot  be  completely  effected. 

The  operation  of  adding  the  proper  amount  of  silver  to  an  alloy  to 
reduce  it  to  the  right  standard  for  the  process  of  parting  is  called  "  inquar- 
tation."  The  inquartated  button  should  be  carefully  flattened  with  a 
polished  hammer  on  a  steel  anvil,  and  afterwards  attacked  in  a  small 
flask  or  large  test  tube  by  nitric  acid  of  specific  gravity  1*18.  After 
having  been  boiled  for  ten  minutes  with  acid  of  this  strength,  the  liquid 
is  carefully  poured  off,  and  the  residue  heated  to  ebullition,  during  a  few 
minutes,  in  acid  of  specific  gravity  1*28.  The  acid  is  now  caiefollj 
decanted,  and  the  residual  gold,  after  being  washed  with  distilled  water, 
is  transferred  to  a  thin  porcelain  capsule,  from  which  the  water  is,  as  far 
as  possible,  removed,  and  the  remainder  evaporated  in  a  wate^bath. 
When  freed  from  moisture,  the  pulverulent  gold,  after  heating  to  redness, 
may  either  be  weighed  directly  in  the  capsule  in  which  it  has  been  dried, 
or  be  folded  in  a  little  lead-foil  and  again  passed  to  the  cupel,  when  it 
is  obtained  in  the  form  of  a  metallic  globule. 

If,  in  addition  to  gold,  the  mineral  contains  silver,  and  it  be  desiiahle 
to  ascertain  its  amount,  it  is  necessary  to  first  cupel  the  button  of  lead 
without  addition  of  silver.  The  alloy  thus  obtained  is  weighed,  and  its 
weight  noted,  deduction  being  made  for  the  amount  of  silver  derived 
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from  the  reduced  oxide  of  lead,  which  must  be  ascertained  by  experiment. 
It  is  also  necessary  to  examine  the  red  lead,  or  litharge,  in  order  to  ascer- 
tain if  it  contains  traces  of  gold,  and  in  case  of  that  metal  being  likewise 
present,  due  allowance  for  the  amount  found  must  be  made  on  the  produce 
obtained.  If  the  silver  be  not  sufficient  for  the  purposes  of  parting,  more 
is  added,  by  folding  the  bead,  with  a  bit  of  pure  silver,  in  a  piece  of  lead 
free  from  the  precious  metals,  and  again  cupelling.  Lastly,  the  alloy 
obtained  is  treated  with  nitric  acid,  and  the  amount  of  gold  present 
determined  by  weighing. 

The  weight  of  silver  contained  in  the  ore  will  evidently  be  represented 
by  that  of  the  button  of  alloy  from  the  first  cupellation,  less  the  united 
weights  of  the  gold  in  the  ore,  and  of  the  silver  and  gold  (if  any)  afforded 
by  the  reduced  oxide  of  lead. 

It  may  be  observed,  that  when  proper  precautions  are  taken  to  obtain 
a  fair  average  sample,  and  the  mean  of  a  sufficient  number  of  assays  is 
taken,  there  is  no  difficulty  in  ascertaining,  with  a  considerable  degree  of 
accuracy,  the  yield  of  auriferous  quartz. 

Assay  op  Gold  Buluon. 

The  composition  of  commercial  gold  bullion  varies  within  wide 
limits,  some  being  nearly  pure  gold,  while  other  kinds  may  contain  half 
their  weight  or  more  of  other  metals,  especially  of  silver  and  copper. 
Silver  bullion  also  often  contains  gold,  from  a  few  grains  to  the  troy 
pound  upwards,  constituting  the  so-called  dare  or  parting  silver,  and  even 
such  very  small  quantities  of  the  more  precious  metal  may  be  of  com- 
mercial  value,  if  the  bullion  can  be  employed  for  refining  purposes 
instead  of  chemically  pure  silver,  when  the  gold  is  recovered  without 
extra  cost  In  all  cases,  therefore,  it  is  essential  that  bullion  containing 
gold  should  be  very  carefully  assayed.  This  is  done  by  cupellation, 
inquartation,  and  parting  in  the  manner  already  described  for  the  assay 
of  ores,  the  processes  being  sometimes  modified  in  minor  details  according 
to  the  composition  of  the  material  under  examination. 

Grenerally  half  a  gramme  of  the  alloy  is  carefully  weighed  and  sub- 
jected to  cupellation  with  a  proper  quantity  of  lead,  together  with  an 
amount  of  pure  silver  equal  to  about  three  times  the  weight  of  the  gold 
supposed  to  be  present.  Dor^  silver,  when  it  contains  copper,  is  cupelled 
with  lead  in  the  same  way  as  silver  bullion,  before  parting  ;  but  plate 
or  cake  silver  that  has  been  refined  from  lead,  and  is  practically  pure,  is 
dissolved  in  nitric  acid  without  cupellation.  As  the  quantity  of  gold 
contained  is  often  very  small,  larger  samples  are  required  than  for  the 
assay  of  gold  bars. 

The  amount  of  lead  necessary  for  passing  an  alloy  of  gold  on  the 
cupel  depends  on  the  quantity  of  copper  which  may  be  present.  The 
following  proportions  have,  after  careful  experiment,  been  generally 
adopted  ; — 
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Amount  of  Gold  Amoant  of  Lead  neoeMiry 

in  Alloy.  for  Cupellatioii. 

1,000 Ipart 

900 10  parts 

800 16     „ 

700 22     „ 

600 24     „ 

500 26     „ 

400) 

300 r  3. 

200f ^*     " 

100) 

In  the  case  of  ordinary  gold  bars  from  alluvial  and  quartz  mines, 
in  which  the  proportion  of  copper  is  invariably  small,  the  alloy  being 
chiefly  silver,  the  half  gramme  employed  for  assay  is  passed  to  the  cupel 
with  2  grammes  only  of  lead.  A  piece  of  copper  wire  weighing  15 
milligrammes  is  also  often  added,  which,  by  preventing  the  silver  button 
from  vegetating  on  the  cupel,  ensures  its  malleability. 

The  button  removed  from  the  cupel  is  squeezed,  laterally,  between 
the  jaws  of  a  pair  of  strong  pliers  to  loosen  any  adhering  litharge,  which 
is  removed  by  the  aid  of  a  stiff  brush,  and  is  afterwards  flattened,  by  a 
smooth-faced  hammer  on  a  polished  anvil,  into  an  elongated  disc  about 
f  of  an  inch  in  length.  This,  after  being  annealed,  is  passed  repeatedly 
through  a  flatting-mill  until  it  has  assumed  the  form  of  a  thin  strip 
from  2|^  to  3  inches  in  length,  which  is  again  annealed,  and  coiled  by 
rolling  between  the  finger  and  thumb.  The  coil  or  comet  is  now  intro- 
duced into  a  long-necked  flask  containing  about  an  ounce  of  pore  nitric 
acid  of  22^  Baum^  =  1*18  sp.gr.,  and  boiled  until  red  fumes  have  ceased 
to  be  given  off.  This  acid  is  poured  off,  and  the  comet  again  twice  boiled, 
each  time  for  about  ten  minutes,  in  acid  of  32^  Baum^  =  1-28  sp.  gr.  In 
the  last  two  boilings  a  piece  of  charcoal,  consisting  of  half  of  a  charred 
pea,  is  introduced  for  the  purpose  of  preventing  ebullition  from  taking 
place  irregularly,  and  with  explosions,  by  which  the  comet  might  be 
broken,  or  a  portion  of  the  liquid  projected  out  of  the  flask.  The  acid 
is  poured  ofi^  and,  after  the  third  attack,  the  comet  is  twice  washed  with 
distilled  water.  The  flask  is  now  filled  with  water  and  reversed  into  a 
small  cmcible  of  fine  clay  covering  its  neck  ;  by  this  means  the  comet  is 
deposited  gently,  and  without  breaking,  in  the  bottom  of  the  cmcible,  and 
the  water  which  covers  it  is  poured  off  The  cmcible  and  its  contents  aie 
heated  to  redness  in  the  muffle,  care  being  taken  to  avoid  the  fusion  of 
the  gold.  From  the  weight  of  the  comet  obtained,  the  fineness  of  the  alloy 
is  cidculated,  but  in  all  cases  where  great  accuracy  is  required  at  least  two 
assays  are  made  of  each  bar. 

After  boiling  in  nitric  acid,  the  comet  is  of  a  brownish-yellow  colour, 
of  a  spongy  texture,  and  exceedingly  fragile,  so  that  it  could  not  be 
touched  by  the  fingers  without  breaking.  It  is  therefore  transferred  to 
the  cmcible,  together  with  a  portion  of  the  water  contained  in  the  flask. 
By  heating  it  in  the  way  described,  it  acquires  an  amount  of  cohesion 
which  admits  of  its  being  handled  without  danger  of  breakings  and  at  the 
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same  time  it  assumes  a  distinctly  metallic  aspect ;  its  volume  is  also  con- 
siderably diminished. 

In  establishments  in  which  large  numbers  of  assays  of  gold  bullion 
are  made,  the  use  of  glass  flasks  for  the  attack  of  the  cornets  by  nitric 
acid  is  now  frequently  dispensed  with,  and  an  apparatus  made  of  platinum 
is  employed  instead.  This  consists  of  a  shallow  dish,  furnished  with 
a  rack,  in  which  are  inserted  a  number  of  small  vessels,  also  of  platinum, 
having  nearly  the  shape  of  an  ordinary  thimble,  with  apertures  which 
admit  of  the  free  entrance  of  the  acid  contained  in  the  dish  in  which 
they  are  enclosed.  Into  these  the  comets  are  inserted,  and  nitric  acid  of 
the  required  strength  is  poured  into  the  outer  dish,  which  is  heated,  either 
over  a  sand-bath  or  gas-burner.  As  this  acid  serves  for  the  attack  of  all 
the  comets  inclosed  in  the  several  small  platinum  cullenders,  a  consider- 
able economy  of  time  is  effected,  since  by  one  operation  the  acid  is  charged 
on  the  whole  of  them.  While  the  attack  is  being  made  the  apparatus  ia 
covered  by  a  funnel-shaped  dome  of  glass,  communicating,  by  means  of 
a  glass  tube,  with  a  condenser  in  connection  with  the  chimney  of  the 
laboratory.  In  this  way  a  considerable  amount  of  the  acid  is  recovered, 
and  all  unpleasant  fumes  are  avoided. 

However  carefully  and  skilfully  the  parting  of  the  auriferous  button 
may  be  conducted,  the  comet  of  gold  will  sometimes  be  found  to  retain 
minute  traces  of  silver,  by  which  its  weight  will  be,  to  a  small  extent, 
increased.  This  increase  of  weight  or  surcharge  is  most  apparent  in 
comets  obtained  from  bars  containing  only  a  very  small  quantity  of 
copper,  since  when  the  proportion  of  that  metal  is  considerable,  and  a 
large  amount  of  lead  has  consequently  to  be  employed  during  its  cupella- 
tion,  a  loss  of  gold  takes  place  by  absorption  into  the  cupel.  In  the  assay 
of  bars  of  moderately  cupriferous  bullion,  the  loss  of  gold  during  cupellar 
tion,  and  the  surcharge  of  silver  remaining  after  parting,  not  unf requently 
counterbalance  one  another,  and  the  tme  fineness  of  the  alloy  is  directly 
obtained  with  a  sufficient  degree  of  accuracy.  It  is,  however,  necessary, 
in  order  to  ascertain  the  amount  of  surcharge,  to  have  check  assays 
or  proofs  made  of  pure  gold  and  copper,  according  to  the  supposed 
quality  of  the  alloys. 

The  following  results  of  numerous  experiments  made  in  the  Paris 
Mint  upon  mixtures  of  fine  gold  and  copper  in  the  proportions  indicated 
in  the  Table^  afford  data  for  calculating  the  necessary  correction : — 


Copper. 

Gold. 

Result  obtained. 

DIfferenee. 

100 

900 

900-25 

+  0-25 

200 

800 

800-60 

+  0-50 

800 

700 

700-00 

000 

400 

600 

600-00 

0-00 

500 

600 

499-50\ 

800 

iOO 

399-50 

700 

800 

299-50  > 

-0-60 

800 

200 

199-50 1 

900 

100 

99-50; 
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The  residual  silver  may  be  almost  entirely  removed  from  the  comet 
by  heating  it  with  fused  acid  sulphate  of  potassium  in  a  small  day  or 
porcelain  crucible,  and  extracting  the  silver  sulphate  with  water  contain- 
ing a  little  sulphuric  acid.  The  comet  is  subsequently  dried  and  ignited. 
Absolutely  pure  gold  cannot,  however,  be  obtained  by  this  method. 

The  gold  fineness  of  bullion  may  be  reported  eiUier  in  carats  or  in 
thousandths ;  24  carats  or  1,000  fine  being  equivalent  expressions  for  abso- 
lutely pure  gold,  18  carats  for  750  fine,  and  so  on ;  one  carat  being  equi- 
valent to  41-66  thousandths^  The  carat  is  subdivided  into  4  carat- 
grains,  and  each  of  these  again  into  eighths  or  thirty-secondths  of  a 
carat^  giving  an  ultimate  division  into  768  parts.  Formerly  the  return 
was  made  to  one-eighth  of  a  carat  better  or  worse  than  British  standaid 
gold  of  22  carats  or  916*6  fine;  but  now  the  millesimal  fineness  is 
generally  given  to  thousandths  and  tenths  of  thousandtha 

In  America  it  is  customary  to  report  the  assays  of  gold  ores  in  money 
value  per  ton,  at  the  rate  of  $20*67  per  ounce  troy  of  gold  of  1,000  fine, 
and  the  same  practice  is  followed  with  bullion  the  value  in  currency 
being  stamped  on  the  bar.  The  standard  values  adoped  in  the  principal 
gold  using  countries  are  as  follows:  — 


Coimtrlw. 

3000  (24  Ct.) 

916*6  (22  Ct) 

M0(2iaCt) 

I 
750(l8Ct)  1 

1 
United  Kingdom,  troy  oz. 
United  States,            „     . 
France,  kilogramme 
Germany,        „ 

£4,  48.  lOd. 
$20-67 
Fr.3,444-44 
Mk.2,790 

£8, 178.  lOd. 

118-95 

Fr.8,167-40 

Mk.2,47416 

£8,  168.  6d. 
$18*60 
Fr.8,100 
Mk.2,611 

£S,3a9d. 

115-50 

Fr.2,588'83 

Mk.2,092-5 

The  principal  standards  in  use  for  coinage  are  : — 

Austria  and  Holland  (old  ducat  gold)          .        .        .        .986  and  983 
United  Kingdom,  India,  Russia  (old),  Portugal,  Brazil,  Turkey      .     916*6 
France,  Germany,  United  States,  Italy,  Spain,  Russia  (new)  .         .     900 
Egypt,  Mexico,  Spanish  Philippine  Islands 875 

Most  of  the  remaining  countries  have  adopted  the  standard  of  900  fine. 

In  the  United  Kingdom  the  only  standard  for  gold  plate  and 
jewellery  recognised  by  the  Goldsmith's  Company  for  "hall  marking ** 
is  18  carats  (750)  fine ;  but  the  lower  finenesses  of  14,  12,  and  9  carats 
are  extensively  used  for  cheaper  articles. 

In  France  the  three  plate  standards  of  920  (22^^  ct.),  820  (20,^ 
ct.),  and  750  (18  ct.)  are  legalized,  the  use  of  583  (14  ct)  being 
only  permitted  for  the  manufacture  of  watch  cases  intended  for  ex- 
portation. 

Determination  by  the  Touchstone,  ^e. — The  method  of  a^ay  already 
described,  although  perfectly  adapted  for  the  determination  of  the  valne 
of  bullion  and  other  unmanufactured  products,  cannot  be  conTeniendy 
applied  to  the  examination  of  jewellery,  since  it  would  be  necessary  to 
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destroy  the  object  in  order  to  ascertain  its  composition.  A  method  is, 
therefore,  employed  by  which  the  standard  is  readily  determined  to 
within  1  per  cent,  of  the  truth,  while  the  most  delicately-chased  article 
is  in  no  way  disfigured  by  the  trial  This  process  essentially  consists 
in  rubbing  some  convenient  part  of  the  object  to  be  examined  on  a  hard 
siliceous  stone  of  a  black  colour,  on  which  it  thus  leaves  distinct  metallic 
traces.  From  the  colour  of  these  marks,  and  from  their  behaviour  when 
treated  with  nitric  acid  or  a  weak  solution  of  aqua  regia,  the  assayer 
judges  of  the  purity  of  the  gold  subjected  to  examination.  The  material 
employed  for  this  purpose,  generally  known  by  the  name  of  touchstone^ 
is  a  fine-grained,  dark-coloured  variety  of  quartzite,  said  to  have  been 
anciently  brought  from  Lydia,  although  stones  of  equally  good  quality 
are  obtained  in  Saxony,  Bohemia,  and  numerous  other  localities. 

In  order  to  be  enabled  to  judge  of  the  value  of  an  alloy  from  the 
nature  of  the  mark  left  by  it  on  the  surface  of  the  stone,  the  assayer  is 
furnished  with  a  series  of  small  bars,  or  touch-needUs,  formed  of  alloys 
of  copper  and  gold,  of  which  the  composition  has  been  accurately 
determined.  For  gold  of  low  fineness  which  contains  some  silver  alloy, 
another  series  of  touch  needles  alloyed  wholly  or  in  part  with  silver, 
instead  of  with  copper  alone,  is  sometimes  used. 

The  trace  left  on  the  stone  by  the  alloy  to  be  examined  is  successively 
compared,  both  before  and  after  the  action  oAn  acid,  with  the  different 
marks  obtained  from  these  several  needles,  and  it  is  supposed  to  possess  a 
simDar  composition  to  that  of  the  needle  whose  mark  agrees  most  closely 
with  it  under  both  these  circumstances.  The  acid  most  commonly  em- 
ployed for  this  purpose  is  nitric  acid  of  sp.  gr.  1*28,  to  which  about  2  per 
cent  of  hydrochloric  acid  is  sometimes  added.  In  making  these  assays, 
the  first  streak  obtained  on  the  stone  cannot  be  employed  to  ascertain 
the  composition  of  the  object  examined,  as  the  surface  of  jewellery  is 
rendered,  by  the  process  of  "  colouring,"  of  a  higher  standard  than  Uiat 
of  the  alloy  of  which  it  is  composed  throughout.  For  this  reason  the 
object  must  be  passed  once  or  twice  over  the  surface  of  the  stone,  in 
order  to  remove  the  superficial  coating  of  richer  alloy,  before  making  the 
streak,  from  the  comparison  of  which  with  those  of  the  needles  the  com- 
mercial value  of  the  mixture  is  to  be  determined.  This  method,  although 
affording  much  less  accurate  results  than  those  obtained  by  inquartation 
and  parting,  is  nevertheless  for  some  purposes  sufficiently  exact 

The  eolouringy  as  it  is  called,  of  jewellery,  is  effected  by  externally 
dissolving  out  the  copper  with  which  it  is  alloyed,  and  thereby  exposing 
a  superficial  facing  of  fine  gold.  To  produce  this  effect  the  object  to  be 
coloured  is  first  heated  in  a  gas  jet  or  spirit  lamp,  and  then  plunged  into 
a  weak  solution  of  nitric  acid,  by 'which  the  copper  on  its  surface  is 
removed.  The  same  effect  is  also  produced  by  placing,  for  a  few  minutes, 
the  object  to  be  coloured  in  a  paste  composed  of  a  mixture  of  alum, 
common  salt,  and  saltpetre. 
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MECHANICAL  AND  METALLURGICAL  TREATMENT  OF  GOLD. 

The  mining  and  metallurgy  of  gold  aie  so  intimately  connected 
that  it  would  he  difficult  to  treat  intelligibly  of  the  one  without  also 
giving  some  description  of  the  other.  From  the  great  difference  existing 
between  the  density  of  gold  and  that  of  siliceous  gravels,  it  is  easily 
separated  from  them  by  washing  and  amalgamation.  The  methods  em- 
ployed for  this  purpose,  however,  vary  not  only  with  the  localities  in 
which  the  operation  is  carried  on,  but  also  in  accordance  with  the  nature 
of  the  minerals  with  which  the  gold  is  associated. 

In  alluvial  or  placer  mines  the  metal  is  found  imbedded  in  strata 
of  clay,  sand,  and  gravel ;  while  in  vein  mines  it  forms  one  of  the  con- 
stituents of  mineral  veins  or  lodes.  In  placer  mining  the  auriferous 
earthy  material,  usually  called  "  pay-dirt,"  is  exposed  to  the  action  of 
water,  by  which  the  clay  is  carried  off  in  suspension,  and  the  sand  and 
gravel  removed  by  the  force  of  the  current.  The  gold,  on  account  of 
its  high  specific  gravity,  either  remains  behind  in  the  apparatus  employed, 
or  is  caught  and  amalgamated  with  mercury. 

In  quartz  mining  the  gold-bearing  veinstone  is  ground  to  a  fine 
powder,  and  the  gold  is  either  caught  on  the  rough  surface  of  blankets 
or  skins,  over  which  the  finely-divided  material  is  borne  by  a  stream 
of  water,  or  it  is  amalgamated  by  bringing  it  into  contact  with  metallic 
mercury  or  amalgamated  copper  plates. 

Placer  Mining. 

Water  is  the  principal  agent  employed  by  the  placer  miner,  and  its 
abundance  or  deficiency  is  to  a  great  extent  the  measure  of  the  work  to 
be  performed  and  of  the  profits  to  be  realized*  Placer  mines  may  be 
divided  into  two  classes,  deep  and  shallow.  In  the  former  the  pay-dirt 
lies  at  considerable  depths,  whilst  in  the  latter  it  is  found  near  the  sa> 
face.  Many  deep  diggings  are  worked  on  what  have  evidently  been 
ancient  river-beds,  and  are  sometimes  covered  by  flows  of  lava.  Shallow 
diggings,  which  are  found  in  gullies  and  ravines,  as  well  as  in  the  beds  of 
rivers,  frequently  owe  their  richness  to  the  redistribution,  by  modem 
streams,  of  the  gravels  of  these  ancient  rivers. 

The  appliances  made  use  of  by  the  placer  miner  are  exceedingly 
simple,  but  at  the  same  time  singularly  ingenious  and  effective. 

Pan. — ^ThiB  is  the  simplest  of  all  contrivances  for  washing  auriferous 
materials.  It  is  used  in  all  branches  of  gold  mining,  either  for  washing, 
or  as  a  receptacle  for  gold,  amalgam,  or  for  rich  dirt  The  pan  is  made 
either  of  stiff  tin-plate  or  of  sheet-iron,  with  a  flat  bottom  about  12  inches 
in  diameter,  and  has  sides  from  5  to  6  inches  in  height,  sloping  outwards 
at  an  angle  of  45"*.  Sheet-iron  is  to  be  preferred  to  tin-pIatCi  because  it 
is  stronger  and  does  not  amalgamate  with  mercury.  The  process  of  cash- 
ing is  conducted  in  the  following  way : — After  being  about  three-fourths 
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filled  with  dirt,  the  pan  is  placed  in  water,  which  should  not  be  more 
than  a  foot  in  depth,  so  that  it  may  rest  on  the  bottom,  while  the 
miner  inserts  his  fingers  in  and  under  the  mass,  in  order  to  lift  and  stir 
it,  in  such  a  way  that  it  may  become  thoroughly  wetted  throughout.  The 
pan  is  then  held  by  the  two  sides,  that  portion  of  it  which  is  towards  the 
body  being  raised,  and  the  opposite  edge  lowered.  He  now  commences 
shaking  it  from  side  to  side,  taking  care  that  the  whole  of  the  dirt  is 
under  water,  and  that  a  little  of  it  can  escape  over  the  outer  edge. 
Assisted  by  the  shaking,  and  by  the  rolling  of  the  gravel  from  side  to  side, 
the  clayey  portion  of  the  mixture  rapidly  becomes  suspended  in  water 
and  forms  a  thin  mud  which  escapes  over  the  side,  whilst  clean  water  is 
continually  flowing  into  the  pan.  The  light  sand  follows  the  mud,  while 
the  larger  stones  and  lumps  of  tough  clay  remain.  The  stones  and 
pebbles  collect  on  the  top  of  clay,  and  are  scraped  together  with  the 
fingers,  and  thrown  out  This  process  is  continued,  care  being  taken  to 
gradually  lower  the  outer  edge  of  the  pan  until  all  the  clayey  matter  has 
been  swept  away  by  the  water,  and  until  gold  and  a  certain  amount  of 
magnetic  iron-sand  alone  remain. 

To  get  rid  of  this  black  sand,  the  contents  of  the  pan  are  dried,  and 
a  small  quantity  is  placed  in  a  '*  blower,"  consisting  of  a  shallow  tin  scoop 
open  at  one  end.  The  miner  holds  this  with  the  open  end  from  him,  and 
gently  blows  out  the  sand,  leaving  the  particles  of  gold  behind.  During 
this  operation  the  blower  must  be  occasionally  shaken,  so  as  to  bring  all 
the  particles  of  black  sand  within  range  of  the  current  of  air. 

The  pan  is  also  constantly  employed  for  separating  amalgam  from 
sand  or  pyrites,  and  for  cleaning  up  rich  dirt  collected  in  the  cradle, 
long  tom,  or  sluice. 

Cradlb. — The  cradle,  or  rocker,  is,  after  the  pan,  the  cheapest  and 
most  simple  apparatus  employed  for  gold-washing.  It  rests  on  two 
rockers,  and  its  general  appearance  is  not  unlike  that  of  a  child's  wooden 
cradle.  The  cradle  box  is  40  inches  in  length,  20  in  breadth,  and  is 
at  one  end  from  18  inches  to  2  feet  in  depth,  whilst  at  the  other  it  is 
sloped  off  to  about  4  inches  only.  On  the  deeper  end  of  the  cradle 
stands  a  hopper  or  riddle-box,  20  inches  square,  with  sides  from  4  to 
6  inches  high.  The  bottom  of  the  riddle  is  of  sheet-iron,  perforated 
with  holes  half  an  inch  in  diameter,  and  the  box  itself  is  so  constructed 
that  it  can  be  either  slipped  into  its  place  or  lifted  off  without  difficulty. 
Under  the  riddle  is  an  apron  of  wood  or  cloth,  attached  to  the  sides 
of  the  cradle  and  sloping  towards  the  upper  end  of  the  arrangement. 
Across  the  bottom  of  the  cradle-box  are  nailed  two  wooden  bars,  each 
about  an  inch  square,  known  as  riffle-bars,  one  near  the  riddle  and  the 
other  at  the  shallow  end. 

The  dirt  to  be  washed  is  shovelled  into  the  hopper,  and  the  cradler 
sits  beside  his  machine ;  with  one  hand  he  pours  water,  dipped  with  a 
ladle  from  a  pool  at  his  side,  upon  the  dirt,  and  with  the  other  he 
imparts  to  it  a  rocking  motion.     By  means  of  the  water,  aided  by  the 
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rocking,  the  dirt  is  disintegrated  and  carried  through  the  riddle,  falling 
on  the  apron,  hy  which  it  is  carried  to  the  head  of  the  box,  whence,  as 
the  bottom  has  an  inclination  towards  the  shallow  end,  it  runs  downwards 
and  escapes,  leaving  the  gold,  black  sand,  and  heavier  particles  of  gravel 
behind  the  riffle-bars. 

The  pay-dirt  contains  many  large  stones ;  and  such  as  give  a  too  con- 
siderable shock  to  the  cradle,  by  rolling  from  side  to  side,  are  picked  oat 
by  hand,  and,  after  being  examined  to  see  that  no  particles  of  gold  are 
adhering  to  them,  are  thrown  away.  All  the  smaller  ones  are  allowed  to 
remain  until  a  hopperf  ul  has  been  washed,  so  that  nothing  but  dean  stones 
remain,  and  then  the  cradler,  rising  from  his  seat,  removes  his  hopper, 
and,  with  a  jerk,  throws  out  its  contents.  The  whole  process  of  washing 
with  this  arrangement  is  merely  a  repetition  of  the  manipulations  de- 
scribed. The  hopper  is  about  one-third  filled  with  pay-dirt,  and  water 
is  poured  in  from  a  ladle  held  in  one  hand,  whilst  with  the  other  the 
cradle  is  rocked.  The  cleaning-up  is  done  by  removing  the  hopper,  taking 
out  the  apron,  scraping  all  the  dirt  from  the  bottom  of  the  cradle  with 
an  iron  spoon,  putting  it  into  a  pan,  and  washing  o£f  the  impurities  as 
already  described.  Mercury  is  sometimes,  but  not  generally,  used  in  the 
cradle. 

Tom. — The  tom  was  formerly  much  used  by  Califomian  miners,  but 
is  now  seldom  employed,  having  become  generally  superseded  by  the 
sluice.  It  consists  of  a  wooden  trough  about  12  feet  in  length,  18  inches 
in  width  at  its  upper  end,  and  gradually  widening  to  30  inches  at  the 
lower.  Its  sides  are  8  or  9  inches  high,  and  at  the  lower  end  its  bottom 
is  of  sheet-iron  perforated  with  holes  half  an  inch  in  diameter.  This 
sheet-iron  is  turned  up,  so  that  the  water  cannot  flow  over  it,  but  passes 
down  through  the  perforated  riddle  into  a  riffle-box  furnished  with  trans- 
verse bars. 

The  tom  itself  is  arranged  at  a  considerable  angle,  and  a  stream  of 
water  is  admitted  at  the  higher  end.  The  pay-dirt  is  thrown  in  at  the 
head  and  kept  constantly  stirred  with  a  shovel,  care  being  taken  to  throw 
back  to  the  upper  part  of  the  trough  such  pieces  of  clay  as  are  not  saffi- 
ciently  disintegrated. 

The  tom  can  be  most  advantageously  employed  where  the  amount  of 
stuff  to  be  washed  is  not  large  and  the  gold  is  coarse.  The  riffle-box  is 
charged  with  mercury,  and,  as  its  contents  are  constantly  kept  in  motion 
by  the  falling  into  it  of  the  water  from  the  riddle  above,  a  considerable 
proportion  of  the  gold  is  caught,  although  there  is  always  a  notable  loss 
of  the  finer  particles. 

Sluicb. — ^The  sluice  is  now  the  great  washing  apparatus  of  California, 
and  washes  nearly  all  the  pay-dirt  and  produces  the  greater  portion  of 
the  placer  gold  of  that  country.  It  is  generally  a  long  wooden  trough, 
through  which  a  stream  of  water  constantly  flows,  and  into  which  the 
auriferous  material  is  shovelled.  Its  length  is  always  several  hundred 
feet,  and  sluices  more  than  a  thousand  feet  are  not  unfrequently  employed. 
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The  width  is  often  about  18  inches,  but  is  sometimes  as  much  as  6  feet. 
It  is  made  of  sawn  pine-planks,  1^  inch  thick,  in  sections  or  boxes,  from 
12  to  14  feet  in  length,  the  bottom  plank  being  often  sawn  4  inches  wider 
at  one  end  than  at  the  other.  By  this  means  the  narrow  end  of  one  box 
is  made  to  fit  into  the  broad  end  of  the  next,  so  that  the  sluice  is  composed 
of  a  long  succession  of  boxes  fitting  one  another  by  spigot  and  faucet 
joints,  but  not  otherwise  fastened.  These  boxes  stand  on  trestles,  and 
have  a  slope  or  "grade"  varying  from  8  to  18  inches  in  12  feet.  The 
amount  of  inclination  given  to  them  is  necessarily  varied  in  accordance 
with  the  nature  of  the  stuff  to  be  washed.  The  dirt  often  contains  nume- 
rous large  stones  and  boulders,  all  of  which  must  be  carried  off  through 
the  sluice  by  the  action  of  the  water  rushing  down  its  channel  Some- 
times a  grating  or  ''grizzly"  is  used  to  keep  back  the  stones,  which 
are  removed  at  intervals  by  men  with  four-pronged  steel  forks.  When 
much  day  is  present  the  sluice  should  have  a  considerable  grade,  and  as 
a  rapid  current  is  more  liable  to  carry  off  fine  particles  of  gold  than  a 
slower  one,  the  length  of  the  arrangement  should  be  proportionately 
extended.  Economy  and  facility  of  working  require  that  the  sluice  should 
not  be  much  above  the  surface  of  the  ground,  and  the  inclination  is  there- 
fore, to  a  certain  extent^  modified  in  order  to  conform  to  local  circum- 
stances. Sometimes  the  upper  portion  of  a  sluice  has  a  steep  grade  for 
the  purpose  of  more  readily  disintegrating  the  dirt^  whilst  the  lower  end 
has  a  less  inclination  given  to  it  with  the  view  of  more  effectually  collect- 
ing the  gold.  The  clay  of  ordinary  pay-dirt  is  completely  disintegrated 
in  the  first  200  feet  of  a  sluice  with  a  low  grade,  and  its  prolongation 
beyond  that  point  is  only  of  use  for  collecting  the  liberated  gold.  In 
certain  cases,  however,  the  clay  met  with  is  so  exceedingly  tenacious  that 
it  will  roll  in  large  balls  through  a  quarter  of  a  mile  of  a  steep  grade  sluice 
with  a  large  head  of  water  and  be  scarcely  diminished  in  size. 

The  bottom  of  the  sluice  is  provided  with  riffle-bars  for  the  purpose 
of  retaining  the  gold,  which  would  readily  pass  off  from  the  surface 
of  the  boards,  and  these  would  be  rapidly  worn  out,  unless  thus  pro- 
tected. Most  commonly  the  false  bottom  is  composed  of  longitudinal 
riffle-bars,  from  2  to  4  inches  in  thickness,  from  3  to  4  inches  wide,  and 
about  5  feet  6  inches  in  length.  Two  sets  of  bars  are  fitted  into  each 
box,  and  are  wedged  in,  from  1  to  2  inches  apart,  with  a  transverse  bar 
of  the  same  width  and  thickness,  placed  between  each  set  of  riffles. 
The  bottom  of  the  sluice  is  therefore  divided  into  parallelograms  about 
5  feet  6  inches  in  length,  from  1  to  2  inches  wide,  and  from  2  to  4 
inches  in  deptL  In  these  spaces  the  gold,  amalgam,  and  quicksilver  are 
retained. 

Instead  of  riffle-bars  sawn  longitudinally  with  the  grain  of  the  wood, 
'*  block-riffles,"  cut  across  the  tree  and  stcuiding  in  the  sluice  with  the 
grain  upWards,  are  often  employed.  These  are  found  to  be  much  more 
durable  than  those  of  the  ordinary  kind,  but  require  a  different  arrange- 
ment in  the  boxes.     In  some  sluices,  and  particularly  those  employed 
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for  hydraulic  mining,  the  block-rifSes  are  placed  transversely  in  the  box, 
and  kept  at  a  distance  of  about  2  inches  apart  by  strips  of  wood  inter- 
posed between  them  at  the  bottom,  bat  of  less  depth  than  the  blocks 
themselves. 

In  small  sluices  the  riffles  are  sometimes  placed  in  zigzag  order  on  the 
bottom  of  the  boxes,  but  not  touching  the  side  at  one  of  their  extremi- 
ties. These  are  set  at  an  angle  of  45*  with  the  axis  of  the  sluice, 
and  just  below  the  open  space  left  between  the  first  riffle  and  the  side  of 
the  box,  another  bar  starts  at  right  angles  to  the  first,  and  an  open  space 
is  again  left  at  the  lower  end  of  this  bar.  This  is  continued  down 
to  within  a  short  distance  from  the  end  of  the  sluice,  where  ordinary 
riffle-bars  are  inserted.  In  sluices  thus  constructed,  much  of  the  water 
and  light  mud  flows  directly  over  the  riffle-bars,  whilst  the  heavier 
materials,  falling  to  the  bottom,  assume  a  zigzag  course.  A  vessel 
containing  mercury  placed  near  the  head  of  the  sluice  allows  it  to  fall 
drop  by  drop  into  the  trough,  and  this,  following  the  course  of  the 
riffle-bars,  overtakes  the  gold,  and  amalgamates  with  it.  These  zigzag 
riffles  are  retained  in  their  places  by  being  nailed  to  the  bottom  of 
the  box. 

The  height  of  the  sides  of  sluice-boxes  varies  from  9  inches  to  2  feet, 
and  the  stream  of  water  employed  has  never  a  less  depth  than  2  inches 
over  the  bottom.  In  most  instances  the  sluice  extends  throughout  the 
length  of  the  claim  in  which  it  is  situated,  and  the  auriferous  dirt  is 
thrown  in  with  shovels,  which  requires  from  four  to  twenty  men  con- 
stantly at  work. 

In  nearly  all  sluices  mercury  that  has  been  before  used  for  the  same 
purpose,  which  is  considered  better  for  gold-catching  than  that  fresh  from 
the  flask,  is  put  in  above  the  riffle-bars,  at  various  places  along  the  boxes. 
Oil  and  grease  tend  to  prevent  amalgamation,  and  must  be  carefullj 
avoided 

The  usual  method  of  arresting  very  fine  gold  is  to  cover  the  surface 
of  a  copper  plate  with  quicksilver,  and  to  allow  the  dirt  and  water  to 
flow  slowly  over  it,  with  a  depth  of  not  more  than  a  quarter  of  an  inch. 
The  amalgamation  of  a  copper  plate  is  eflected  by  adding  a  few  drops  of 
nitric  acid  to  water,  covering  a  little  mercury  in  the  bottom  of  a  saucer, 
and  then  rubbing  the  liquid  with  a  rag  over  the  surface  of  the  metal 
Decomposition  of  nitrate  of  mercury  quickly  covers  the  surface  of  the 
copper  with  a  bright  coating,  to  which  metallic  mercury  readily  ad- 
herea 

A  plate  which  has  been  once  thus  amalgamated  does  not  again  require 
similar  treatment,  but  a  little  additional  quicksilver  must  from  time  to 
time  be  sprinkled  upon  it,  as  the  gold  gradually  collects  and  forms  a 
solid  amalgam.  The  plate  employed,  which  is  often  about  3  feet  wide, 
and  6  feet  in  length,  is  set  nearly  level  In  very  large  sluices  the  stream 
is  so  divided  as  to  flow  over  several  distinct  plates,  in  order  to  secure  a 
slow  and  shallow  current.     It  is  evident  that  with  a  rapid  current,  or 
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with  deep  water,  particles  of  light  gold  would  pass  off  without  coming  in 
contact  with  the  surface  of  the  amalgamated  plate. 

When  the  surface  of  a  plate  has  hecome  covered  by  auriferous  amalgam 
it  is  supposed  to  act  more  efficiently  than  a  new  one,  and  at  the  time  of 
cleaning  up  it  is  sometimes  coated  with  a  hard  brittle  mass  to  a  thickness 
of  \  inch.  To  remove  this  the  plate  is  warmed  until  the  hand  cannot 
long  remain  in  contact  with  it,  by  which  treatment  the  amalgam  becomes 
softened,  and  is  then  readily  scraped  off  The  plate,  after  being  sprinkled 
with  mercury,  is  again  ready  for  use.  The  mixture  of  mud  and  water  is 
admitted  to  the  copper  plate  through  a  riddle  made  by  piercing  a  thin 
iron  plate  with  holes  about  -^^  inch  in  diameter.  This  is  often  placed 
above  the  copper  plate,  and  prevents  its  surface  &om  being  swept  by  the 
gravel  and  coarser  materials  which  pass  along  it. 

Shortly  after  the  water  and  dirt  have  begun  to  pass  through  the 
sluice  all  the  spaces  between  the  different  riffle-bars  become  filled  with 
sand  and  gravel,  which  is,  however,  in  a  constant  state  of  agitation.  The 
coarser  grains  are  arrested  near  the  head  of  the  sluice,  while  the  finer 
particles  are  carried  to  more  considerable  distances.  In  sluices  where 
the  dirt  operated  on  contains  much  coarse  gold,  the  mercury  is  often 
introduced  from  40  to  60  yards  below  the  head,  as  the  coarse  metal,  by 
virtue  of  its  greater  density,  becomes  readily  separated  from  the  earthy 
materials  with  which  it  is  mixed. 

The  separation  of  the  gold,  amalgam,  and  mercury  from  the  sand  and 
gravel  in  the  bottom  of  the  sluice  is  called  '^  cleaning  up,"  and  the  period 
which  elapses  between  one  cleaning-up  and  the  following  is  called  a 
"  run."  A  run  ordinarily  extends  over  eight  or  ten  days,  but  in  most 
instances  the  work  is  only  carried  on  during  daylight,  alUiough  in  some 
cases  it  is  continued  day  and  night.  When  the  period  fixed  on  for  clean- 
ing up  arrives  the  throwing-in  of  dirt  ceases,  and  the  water  is  allowed  to 
run  until  it  becomes  perfectly  free  from  turbidity..  Five  or  six  sets  of 
riffle-bars  at  the  head  of  the  sluice  are  now  taken  out,  and  the  dirt,  which 
has  accumulated  between  them,  is  washed  away,  while  the  gold  and 
amalgam  are  arrested  by  the  first  of  the  remaining  set  of  riffles,  whence 
they  are  removed  by  the  aid  of  a  spoon  or  scoop,  and  placed  in  a  wash- 
ing pan.  More  riffle-bars  are  now  removed,  and  the  gold  and  amalgam 
are  again  collected.  This  is  repeated  until  all  has  been  taken  out,  and 
the  whole  of  the  gold  and  amalgam  is  transferred  to  the  iron  pan. 

The  quicksilver  and  amalgam  taken  from  the  sluice  are  put  into  a 
buckskin  or  piece  of  canvas,  and  pressed  in  such  a  way  that  the  liquid 
metal  passes  through,  while  the  amalgam  is  retained.  This  amalgam, 
from  which  the  mercury  has  been  carefully  pressed  out^  contains  about 
one-third  its  weight  of  gold.  The  amalgam  is  then  heated  to  drive  off 
the  mercury,  and  the  gold  which  remains  is  in  the  form  of  a  spongy  mass 
of  a  light  yellow  colour. 

The  removal  of  the  mercury  may  be  effected  either  in  a  close  retort  or 
in  an  open  iron  pan.      In  the  first  case  the  quicksilver  is  recovered  for 
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subsequent  use,  whilst  in  the  second,  it  is  volatilized  and  lost.     The  pen 
is,  however,  often  employed  by  placer  miners. 

Large  sluices  are  sometimes  paved  with  stones,  which  make  a  more 
durable  bottom  than  wood,  and  one  that  catches  fine  gold  ahnost  as 
effectually.  On  the  other  hand,  cleaning  up  is  more  difficult,  as  is  like- 
wise the  re-laying  of  the  bottom  afterwards.  The  stones  used  are  water- 
worn  pebbles,  of  a  somewhat  flattened  form,  of  which  the  greatest  diameter 
is  from  6  to  8  inches. 

The  ordinary  sluice,  as  already  described,  mainly  consists  of  a  series 
of  wooden  boxes,  but,  in  some  cases,  these  are  dispensed  with,  and  the 
arrangement  is  then  caUed  a  "ground-sluice."  This  contrivance  is  employed 
for  washing  dirt  in  localities  where  water  is  only  abundant  for  a  few 
weeks  after  heavy  rains,  and  where,  consequently,  it  would  not  pay  to 
erect  wooden  sluices. 

To  prepare  a  ground-sluice  a  stream  is  first  directed  through  a  small 
channel,  which  the  miners,  aided  by  the  current,  endeavour  constantly  to 
enlarge,  and  when  it  has  become  sufficiently  deep  they  detach,  by  means 
of  crow-bars,  the  high  banks,  so  that  the  pay-dirt  falls  into  the  ditch, 
where  it  becomes  rapidly  disintegrated.  A  large  pebble  should  be  intro- 
duced at  intervals  into  the  bed  of  the  sluice,  for  the  purpose  of  arresting 
the  gold,  since,  if  the  bottom  were  smooth,  and  without  irregularities,  the 
precious  metal  would  be  carried  away  by  the  current.  No  mercury  is 
employed  in  the  ground  sluice,  but  the  concentrated  dirt  collected  b  finally 
cleaned  up  in  a  wooden  sluice,  or  tom. 

Htdbaulio  Mining. — Hydraulic  mining  is  resorted  to  only  in  situa- 
tions where  the  pay-dirt  is  of  considerable  thickness  and  where  water  is 
abundant.  It  may  be  regarded  as  the  highest  branch  of  placer  mining, 
since  by  it  a  larger  amount  of  dirt  is  washed  in  a  given  time,  and  at  a 
less  expense,  than  by  any  other  process.  Hydraulic  claims  are  neces- 
sarily situated  in  hilly  districts,  as  it  is  not  only  necessary  to  be  provided 
with  a  column  of  water  of  considerable  height,  but  also  to  find  in  the 
valleys  below  the  sluices  a  receptacle  for  the  enormous  amount  of  d&fris 
resulting  from  the  operation.^  Whatever  may  be  the  depth  of  the  auri- 
ferous deposit)  the  whole  of  it  should,  if  possible,  be  removed  to  the 
bed-rock.  This  is  effected  by  the  action  of  water  issuing  at  a  high 
pressure  from  metallic  nozzles,  and  directed  against  the  more  or  less 
indurated  alluviums  operated  on.  This  disintegration  of  the  auriferoas 
material  goes  on  simultaneously  with  the  washing  of  the  resulting  gravel, 
and  is  effected  by  the  same  supply  of  water. 

In  California,  the  water  employed  in  hydraulic  claims  is  generally 
purchased  from  one  of  the  large  public  companies  formed  for  supplying 
the  gold  diggings  with  this  essential  requirement  of  the  miner.     Its  cost 

^  So  mucli  of  the  low-lying  land  in  some  parts  of  Calif oniia  has  been  bniied  under 
sands  and  gravels  from  hydraulic  mines,  that  the  legislature  of  the  State  has  reoenilj 
interfered*  on  behalf  of  the  agricultural  interest,  in  such  a  way  as  to  considerably  restrict 
this  branch  of  miDiog  industry. 
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ifi  from  10  c.  to  20  c  per  miner's  inch  per  working  day,  and  the  con- 
sumption of  each  mining  claim,  worked  on  a  tolerably  extensive  scale, 
may  be  taken  at  about  300  miner's  inches.  A  miner's  inch  is  the 
quantity  of  water  which  will  flow  during  ten  hours  through  an  aperture 
1  .inch  square,  under  a  mean  head  of  6  inches ;  and  300  miner's  inches 
are  equal  to  284,210  cubic  feet,  or  about  1,772,000  imperial  gallons. 
Under  ordinary  circumstances,  from  3,000  to  3,500  cubic  yards  of  gravel 
and  soft  conglomerate  may  be  removed  and  washed  daily  by  Una  expen- 
diture of  water. 

The  installation  of  a  hydraulic  washing  is  commenced  by  bringing  in 
a  stream,  by  means  of  a  '*  flume  "  or  aqueduct,  to  the  head  of  the  mining 
ground  at  a  height  which  may  be  from  150  to  400  feet  above  the  level 
of  the  bed-rock,  where  it  is  conducted  through  a  large  wooden  tank,  into 
which  it  constantly  flows.  This  is  provided  with  a  suitable  valve,  and 
from  it  the  water  is  most  commonly  conveyed  to  the  bottom  of  the 
claim  through  wrought-iron  pipes.  When  a  great  head  of  water  is 
employed  the  lower  pipes,  which  have  to  withstand  a  very  great  pressure, 
are  made  of  double-ri vetted  boiler  plates,  and  in  connection  with  these  are 
the  several  discharge  nozzles.  Some  of  these  are  as  much  as  5  inches  in 
diameter,  mounted  on  ball  and  socket  joints,  so  balanced  as  to  be  readily 
turned  in  any  direction,  either  by  a  lever  or  by  racks  and  worm  pinions. 
The  amount  of  manual  labour  necessary  for  carrying  on  the  operations 
of  a  hydraulic  claim,  is  exceedingly  smcdl  in  proportion  to  the  amount  of 
work  done,  since,  in  addition  to  the  men  engaged  in  directing  the  various 
nozzles,  only  one  person  is  usually  employed  in  attending  to  the  sluice, 
so  as  to  remove  obstructions,  and  prevent  its  becoming  choked  by  the 
dirt  and  boulders  washed  from  the  face  of  the  slope.  In  order  to  render 
evident  the  enormous  advantages  possessed  by  this  over  every  other  sys- 
tem of  placer  mining,  it  may  be  stated  it  has  been  estimated  that,  taking  a 
miner's  wage  at  $4  per  day,  the  cost  of  treating  a  cubic  yard  of  gravel  by 
the  various  processes  which  have  been  described  will  be  approximately 
as  follows : — 
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The  quantity  of  dirt,  however,  that  can  be  washed  by  a  hydraulic  jet 
in  a  given  time,  depends  on  various  circumstances,  such  as  the  supply  of 
water,  the  height  of  the  column,  the  tenacity  of  the  material,  and  the 
amount  of  moisture  it  may  happen  to  contain.  More  work  can  usually  be 
done  in  winter  than  in  summer,  since,  from  the  greater  dampness  of  the 
stuff  during  that  season,  it  becomes  more  easily  disintegrated.  In  some 
hydraulic  claims,  in  which  tbe  pay-dirt  is  cemented  into  a  kind  of  con- 
glomerate, blasting  is  resorted  to  as  a  means  of  facilitating  its  removal  by 
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the  action  of  water.  For  this  purpose  a  tnnnel  is  driven  along  the  upper 
surface  of  the  hed-rock  into  the  hiU,  which  may  be  150  feet  in  height, 
and  a  number  of  kegs  of  powder  (frequently  above  a  hundred)  are  intro- 
duced. The  tunnel  is  now  re-filled  with  earth,  and  the  powder  is 
exploded  by  the  use  of  a  properly-arranged  slow-burning  fuse.  The 
explosion,  which  often  makes  comparatively  little  noise,  loosens  and 
shatters  thousands  of  cubic  yards  of  the  surrounding  hill,  and  materially 
facilitates  its  subsequent  removal  by  the  water  thrown  against  it  through 
the  nozzles. 

In  hydraulic  claims,  generally,  all  the  alluvium  is  removed  to  the  bed- 
rock, but  in  some  cases  working  has  to  be  suspended  long  before  this 
point  is  reached,  from  the  circumstance  of  the  conformation  of  the 
country  not  allowing  of  an  outlet  for  the  water  at  that  depth.     The 


Fig.  221.— Hydraulic  lllniDg ;  Timbuctoo^  CaUforniA. 

cheapness  and  expedition  of  this  process  admit  of  very  poor  alluviums 
being  treated  with  advantage ;  and  in  some  exceptional  cases,  claims  in 
which  the  dirt  afforded  gold  to  the  value  of  only  3  c.  per  ton  of  15  cubic 
feet  (2fd.  per  cubic  yard),  have  been  worked  with  satisfactory  results. 

The  accompanying  woodcut  (fig.  221),  from  a  photograph  of  the  Pahn 
claim,  Timbuctoo,  Yuba  county,  California  (1865),  will  afford  a  good 
idea  of  the  general  appearance  of  an  extensive  hydraulic  washing. 

In  many  claims  a  larger  amount  of  water  is  required  for  piping  down 
the  bank  than  for  washing  the  dirt  removed,  and  in  such  cases  the  sluice 
cannot  be  kept  properly  supplied  without  the  aid  of  gunpowder. 

Some  idea  of  the  magnitude  and  importance  of  the  water  interests  in 
the  United  States  may  be  gathered  from  the  following  statistics : — 
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Total  length  of  ditch  lines  ....        10,783  miles. 
Total  length  of  ditches  proper    .        .        .        10,188     ,, 
Totallength  of  flames        ....  ^50     ,, 

Total  length  of  pipes  ....  150     „ 

Maximum  capacity  of  ditch  lines,  gallons  per  J  ^  ^^^  ^,^  ^^^ 
a  houn      .        .        .  .  I  7.660,000,000 

Total  cost  of  plant,  including  reservoirs,  Ac,  )  ^ 

and  excluding  cost  of  water  right        .      \  •27,066,942,  lie. 


Extraction  of  Gold  from  Auriferous  Veinstone. 

The  methods  employed  for  the  extraction  of  gold  quartz  from  the 
mines  differ  in  no  respect  from  ordinary  mining  operations  applied  to  tlie 
systematic  working  of  mineral  reins.  After  the  quartz  has  heen  obtained 
by  the  operations  of  mining,  it  is  necessary  that  it  should  be  reduced  to 
a  state  of  fine  division  before  the  separation  of  the  gold  it  contains  can  be 
effected.  Various  contrivances  are  employed  for  this  purpose,  and  one 
of  the  simplest  and  most  primitive  is  the  arrastra. 

Arrastra. — This  apparatus,  as  constructed  for  the  treatment  of  auri- 
ferous ores,  is  essentially  similar  to  that  used  in  Mexico.  (See  fig.  204, 
p.  685.) 

The  charge  of  such  an  arrastra  is  about  4  cwts.  of  quartz,  previously 
broken  to  the  size  of  beans,  and  requires  to  be  ground  during  from  four  to 
five  hours,  to  reduce  it  to  a  sufficiently  fine  state  of  division.  Water  is 
now  added  and  thoroughly  incorporated  with  the  ground  ore,  care  being 
taken  that  the  resulting  mud  be  not  too  liquid.  When  the  paste  has 
assumed  the  proper  consistency,  that  of  thick  cream,  mercury  is  scattered 
over  its  surface,  by  squeezing  it  through  a  piece  of  canvas,  in  the  pro- 
portion of  about  2  ounces  to  every  ounce  of  gold  supposed  to  be  con- 
tained in  the  quartz.  The  grinding  is  now  continued  for  a  further  period 
of  two  hours,  by  which  the  mercury  becomes  divided  into  minute  globules, 
which  are  disseminated  throughout  the  mass,  and  effect  the  amalgamation 
of  the  gold.  When  the  operation  is  supposed  to  be  complete,  more  water 
is  let  in  on  the  surface  of  the  paste,  and  the  muUers  again  set  slowly  in 
motion.  By  this  treatment  the  lighter  earthy  particles  become  suspended 
in  water,  while  the  heavier  amalgam  gradually  collects  at  the  bottom. 
This  result  is  supposed  to  have  been  attained  at  the  end  of  about  half 
an  hour,  when  the  mud  is  run  off,  leaving  the  gold  amalgam  and  mercury 
at  the  bottom.  Another  charge  is  now  introduced,  and  the  process  is 
repeated  as  before. 

The  run  with  a  rude  arrastra  of  this  description  generally  extends  over 
a  week,  but  sometimes  over  a  considerably  longer  period.  For  the  purpose 
of  cleaning  up,  the  stones  of  the  bed  require  to  be  taken  up,  in  order  to 
collect  the  amalgam  which  settles  between  them,  and  the  whole  of  the 
mud  must  be  removed  and  carefully  washed. 

The  amount  of  work  performed  by  this  machine  is  small  in  comparison 
with  the  power  expended ;  but  the  proportion  of  gold  extracted  is  generally 
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larger  than  is  obtained  with  more  expeditious  and  more  complicated 
apparatus.  The  arrastra  is,  therefore,  not  unfrequently  employed  as  a 
means  of  making  a  practical  trial  of  the  value  of  gold  quartz,  before  pro- 
ceeding to  erect  expensive  machinery  for  its  treatment  on  a  large  scale. 
In  California  this  extremely  primitive  contrivance  for  working  auriferous 
quartz  has  now  almost  entirely  disappeared.  Those,  however,  who 
travelled  through  that  country  about  the  year  1854  will  remember 
frequently  falling  in  with  families  of  Mexicans,  who,  in  some  secluded 
valley,  with  a  couple  of  wretched  mules  harnessed  to  a  rude  arrastra, 
managed  to  pick  up  a  scanty  living  from  the  outcrop  of  some  quartz 
vein. 

CRUSHiNQ-RoLLa. — Many  years  since,  crushing-mills  were  introduced 
at  the  Pestarena  Mines  in  t^e  North  of  Italy  for  the  reduction  of  auri- 
ferous ore  to  a  fine  state  for  amalgamation,  and  these  still  afford  satis- 
factory results.  Latterly  crushing-rolls  have  been  applied  by  Krom  of 
New  York  to  a  similar  purpose.  The  shells  are  of  steel  about  2|  inches 
thick,  from  26  to  30  inches  diameter,  and  from  15  to  16  inches  in  length 
on  the  face.  The  pillow-blocks  of  one  of  the  rolls  are  firmly  bolted  to  a 
bed-plate,  while  the  bearings  of  the  other  are  on  the  end  of  a  swinging 
arm  which  can  be  brought  near  to  or  more  distant  from  the  face  of  the  fixed 
roll.  Each  roll  is  driven  by  an  independent  belt  at  a  speed  of  from  eighty 
to  one  hundred  revolutions  per  minute.  The  rolls  are  "housed,"  or 
covered  in,  and  an  exhauster  is  employed  for  the  purpose  of  withdrawing 
the  dust  as  soon  as  produced. 

By  means  of  a  stone-breaker,  a  coarse-  and  a  fine-sand  crushing-mill, 
quartz  is  reduced  sufficiently  fine  either  for  pan  or  plate  amalgamation. 

One  pair  of  steel  rolls  at  the  Bertrand  Mill,  Nevada,  is  stated  to  have 
reduced  20,000  tons  of  quartz  to  a  sufficiently  fine  state  for  milling. 

Pulverizers. — Of  late  years  numerous  attempts  have  been  made  both 
in  Europe  and  in  America  to  substitute  pulverizers  for  the  stamping-mill, 
but  all  such  attempts  have  ended  in  practical  failure.  The  drawbacks 
usually  attendant  on  this  class  of  apparatus  are  an  excessively  high  speed, 
requiring  for  its  maintenance  a  large  expenditure  of  power,  inducing  costly 
wear  and  tear,  or  a  slow  speed,  and  great  friction  between  the  heary 
grinding  parts. 

Grizzlies  and  Stone-Breakers. — ^The  quartz  as  it  comes  from  the 
mine,  large  and  small  pieces  together,  is  usually  tipped  upon  a  grizzly  or 
screen  inclined  at  an  angle  of  42^  the  bars  of  which  are  set  2|  inches 
from  each  other.  The  small  stuff,  which  passes  through  the  openings  be- 
tween the  bars,  falls  into  the  hopper  of  the  stamps,  while  the  coarser 
lumps  are  reduced  to  sizes  from  and  below  1^  inch  cube,  and  also  falls  into 
the  same  receptacle.  The  dimensions  of  a  grizzly  will  vary  with  the  size 
of  the  stone-breaker  and  weight  of  quartz  to  be  treated  per  hour.  When 
the  jaw  of  the  stone-breaker  measures  15  inches  by  9,  the  grizzly  may 
be  4 J  feet  wide  and  12  feet  long,  formed  of  twenty-four  bars  of  wrought- 
iron  1  inch  thick  and  2  inches  deep. 
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Stamping- Mill. — Probably  nineteen-twentieths  of  the  quartz  crushed 
for  the  purpose  of  extracting  its  gold  is  pulverized  in  the  stamping-mill. 
In  fact,  this  may  be  said  to  be  the  only  machine  extensively  employed 
for  the  reduction  of  auriferous  veinstone.  It  essentially  consists  of  a 
series  of  heavy  pestles  enclosed  in  a  rectangular  mortar,  each  of  which  is 
successively  lifted  by  means  of  a  cam,  and  then  allowed  to  fall  with  its 
full  weight  on  the  ore  operated  upon.  A  constant  supply  of  mineral  is 
kept  up  in  the  mortar,  while  that  which  has  become  sufficiently  reduced 
in  size  is  gradually  removed,  by  suspension  in  water,  through  the  apertures 
of  properly  arranged  sieves  or  screens.  In  some  cases  the  stems  or  lifters 
are  of  wood,  as  in  the  old  German  and  Cornish  stamping-mills,  but  the 
modem  machine,  figs.  222,  223  (pp.  776,  777),  is  more  frequently  em- 
ployed. The  size  of  the  apertures  in  the  screens  is  varied  in  accordance 
with  the  dimensions  of  the  particles  of  gold  in  the  rock  under  treatment; 
but  it  is  evident  that  with  very  small  apertures  the  amount  of  rock 
crushed,  all  other  conditions  being  equal,  will  be  less  than  when  a  coarser 
grating  is  employed.  Screens  are  commonly  made  of  thin  sheet-iron,  iii 
which  are  punched,  at  regular  intervals,  holes  of  the  diameter  of  a  large 
sewing  needle.  The  auriferous  material  having  become  reduced  to  the 
state  of  finely-divided  sand^  it  becomes  necessary  to  find  means  for  the 
concentration  and  separation  of  the  released  gold.  This  may  be  effected 
either  with  or  without  mercury. 

The  depth  of  the  surfaces  of  the  dies  below  the  bottom  of  the  screens 
is  a  point  upon  which  there  is  among  mill  men  much  diversity  of  opinion. 
The  practice  in  America  and  Australia  is  to  let  the  top  of  the  dies  stand 
from  1  to  3  inches  below  the  bottom  of  the  screen.  At  St.  John  d'el 
Bey,  where  the  gold,  in  an  extremely  fine  state  of  division,  is  associated 
with  iron  pyrites,  "  deep  stamping "  is  alleged  to  give  more  favourable 
results  than  shallow  stamping.  At  that  mine  the  surface  of  the  dies 
is  about  15  inches  below  the  bottom  of  the  screen.  The  weight  of  the 
modem  round  stamp  head  varies  from  500  to  900  lbs.  In  dry  crushing- 
mills  the  drop  of  a  head  850  lbs.  weight  is  from  7  to  8  inches.  In  wet 
cmshing-mills  the  length  of  drop  is  perhaps  rather  less,  from  5  to  7  inches, 
especially  when  the  rock  is  soft  and  the  gold  fina  The  number  of  drops 
per  minute  ranges  from  80  to  110,  the  average  for  an  ordinary  mill  being 
about  90.  When  the  die  is  new  its  face  is  almost  on  a  level  with  the 
top  of  the  discharge  opening.  Amalgamation  in  Califomia  is  now  gene- 
rally effected,  both  inside  and  outside  of  the  mortar,  by  means  of  amalga- 
mated copper  or  electro-silvered  plates  against  and  over  which  the  pulp 
either  dashes  or  flows.  By  mortar  and  plate  amalgamation  from  50  to  80 
per  cent,  of  the  free  gold  in  the  pulp  is  obtained.  "  Low-feeding,"  that  is, 
supplying  a  small  quantity  of  rock  to  the  battery  as  often  as  required,  is 
carefully  observed  in  all  well-ordered  mills,  as  the  blow  of  the  stamper  is 
held  to  be  more  effective  on  a  thin  than  on  a  thick  stratum  of  stone. 
Some  diversity  of  opinion  prevails  among  mill  men  as  to  the  order  in 
which  the  several  heads  should  be  lifted  and  dropped  in  the  mortar-box. 
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as  well  as  regarding  the  number  of  heads  contained  in  each  box.  In 
America  the  number  is  invariably  five.  In  Australia  also  five  heads  are 
generally  grouped  together,  except  in  the  more  recent  pneumatic  stamps, 
which  have  only  a  single  head.  Five  heads  are  constructively  rery  con- 
venient, and  this  is  the  number  generally  contained  in  each  mortar-box ; 
the  order  in  which  the  stampers  are  respectively  lifted  and  dropped  in 
various  five-stamp  batteries  is  given  below : — 

C»l«o™i« i?    I    5    2    ! 

Colorado 14    2    5    3 

Australia 8    4     2    15 

Automatic  feeders  are  now  frequently  employed  in  America  for 
delivering  the  quartz  to  the  mortai^boxes.  One  feeder  is  attached  to 
each  box,  and  placed  immediately  behind  it. 

Amalgamation  in  Battel^, — When  mercury  is  used  in  the  batteries 
they  are  often  fumislied  with  amalgamated  copper  plates  of  about  5  inches 
in  width  extending  the  whole  length  of  the  battery-box  or  mortar.  One 
of  these  is  placed  on  the  feed  side,  and  the  other  on  the  side  of  the 
discharge,  the  former  being  protected  by  the  iron  lining  of  the  feed- 
hopper,  and  each  having  an  inclination  of  about  forty-five  degrees. 
When  these  are  not  employed,  the  auriferous  amalgam  accumulates  in 
the  spaces  between  the  dies,  as  well  as  between  the  dies  and  the  sides 
of  the  box.  The  quartz,  previously  broken  to  a  convenient  size,  is 
supplied  by  the  feed  aperture.  A  small  stream  of  water  flows  into  the 
battery-box  through  a  gas-pipe,  and  a  little  mercury  is  sprinkled  into 
it,  by  the  feeder,  at  intervals  of  about  an  hour,  and  in  quantities  varying 
with  the  estimated  richness  of  the  rock  which  is  being  worked.  For  its 
collection  in  the  battery  an  ounce  of  gold  requires  about  an  ounce  of 
mercury,  but  when  the  gold  is  in  a  finely  divided  state  the  addition  of 
a  small  excess  of  mercury  is  advantageous.  The  proper  proportion  is, 
however,  readily  arrived  at  by  closely  watching  the  discharge.  When 
any  particles  which  pass  through  the  screens  are  observed  to  be  dry  and 
brittle  more  mercury  must  be  added.  If,  on  the  contrary,  soft  and 
pasty  globules  of  mercury  pass  oS^  the  supply  of  that  metal  requites  to 
be  diminished.  The  amalgamation  of  gold  is  satisfactorily  effected  when 
the  proportion  has  been  properly  adjusted,  excepting  in  the  case  where 
the  gold  is  coated  by  minerals  which  interfere  with  its  combination  with 
mercury.  When  the  rock  contains  coarse  gold,  and  a  proper  supply  of 
mercury  has  been  introduced,  from  60  to  80  per  cent  of  the  precious 
metal  is  caught  in  the  battery.  When,  as  is  sometimes  the  case^  the 
gold  obtained  is  in  a  very  finely  divided  state,  and  is  associated  with  silver 
ores  or  other  sulphides,  the  results  are  less  satisfactory.  In  some  instances, 
when  such  ores  are  under  treatment^  the  alloy  obtained,  after  the  removal 
of  mercury  by  distillation,  only  yields  about  one-third  of  its  weight  of 
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gold,  while  the  amalgam  is  spongy  and  of  a  dark  colour,  consisting  of  an 
aggregation  of  minutely  divided  particles.  Amalgam  of  this  description  is 
light,  and  consequently  difficult  to  collect,  whether  hy  riffles,  amalgamated 
copper  plates,  hlankets,  or  by  any  of  the  other  appliances  employed 
for  the  purpose.  When,  therefore,  the  rock  operated  on  is  of  such  a 
nature  as  to  yield  an  amalgam  of  this  description,  amalgamation  in  the 
battery  is  not  to  be  recommended,  since  this  spongy  product,  being  liable 
to  float  o£f,  in  spite  of  all  the  precautions  taken  to  arrest  its  progress, 
is  even  more  difficult  to  catch  than  finely  divided  gold.  For  the 
purpose  of  collecting  the  particles  of  gold  and  amalgam  which  escape 
through  the  screens,  various  contrivances  are  resorted  to.  As,  however, 
these  differ  but  little,  whether  mercury  be  added  in  the  battery-box  or 
otherwise,  it  will  be  sufficient  to  describe  some  of  the  more  important 

Blankbts. — ^At  Grass  Valley,  one  of  the  most  important  quartz-mining 
centres  of  California,  a  large  proportion  of  the  gold  has  been  obtained 
from  mills,  in  connection  with  which  blankets  have  been  employed. 
In  such  mills  the  sand  and  water,  escaping  through  the  screens,  are 
conducted  over  the  surface  of  blankets  forming  the  lining  of  shallow 
sluices,  inclined  at  an  angle  of  from  three  to  four  degrees  with  the 
horizon.  Beyond  the  blankets  are  amalgamated  copper  plates,  which  are 
again  followed  by  some  contrivance  for  collecting  the  auriferous  mate- 
rials which  have  not  been  arrested  in  the  upper  portion  of  the  appa- 
ratus. Finally,  there  is  generally  a  long  tail-sluice  for  collecting  any 
auriferous  sulphides  which  would  otherwise  be  lost.  The  troughs  in 
which  the  blankets  are  placed  are  from  sixteen  to  eighteen  inches  in 
width,  with  a  regular  longitudinal  slope,  care  being  taken  to  lay  them 
perfectly  level  in  a  transverse  direction,  so  that  an  equal  depth  of  water 
may  flow  over  every  part  of  the  bottom. 

The  blankets  used  for  this  purpose  are  generally  woven  from  long 
wool,  and  are  of  such  a  width  that  when  wetted  and  fitted  closely  to  the 
bottom  and  sides  of  the  trough  they  extend  about  half  an  inch  beyond  the 
latter.  In  laying  them  in  the  sluices  they  are  so  placed  as  to  overlap  one 
another  like  the  slates  on  a  roof,  in  order  that  the  water  flowing  from  the 
upper  one  may  run  directly  over  that  next  in  the  series,  without  allowing 
any  sand  to  find  its  way  between  the  bottom  of  the  sluice  and  the  covering 
of  blankets.  The  troughs  are  made  in  two  or  more  lengths,  and  are  so 
disposed  that  the  sand  and  water  flowing  from  the  first,  fall  upon  the 
second  from  a  height  of  three  or  four  inches.  This  arrangement  of  bat- 
teries and  sluices  ^  will  be  understood  by  reference  to  the  woodcuts,  fig& 
222,  223,  the  first  of  which  is  a  loligitudinal  section,  and  the  second  a 
plan.  In  front  of  the  battery-box,  A  (fig.  222),  is  a  water-tight  trough,  B, 
of  the  same  width,  which  has  an  opening,  b,  communicating  with  the 
sluice,  C.  There  is  also  a  second  aperture,  h\  at  the  end,  which,  like  the 
firstj  can  be  closed,  either  by  a  wooden  plug  or  by  wet  blanketing.  Before 
each  battery  is  a  sluice,  C,  and  between  each  pair  is  a  third,  C  (fig.  223), 
1  These  are  also  called  blanket-tables  and  blanket-strakes  by  English  gold-miners. 
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which  is  used  when  either  of  those  on  each  side  of  it  is  thrown  ont  of  action 
to  remove  the  blankets.    When  in  the  ordinary  conise  of  working,  the 
water  from  the  batteries,  carrying  the  crushed  ore  in  suspension,  passes 
through  the  troughs,  G,  and  flows  over  the  blankets  with  which  they  are 
lined,  a  large  proportion  of  the  gold  and  other  heavy  minerals  in  the  vein- 
stuff  becomes  entangled  in  the  fibres  of  the  wool,  while  the  lighter  particles 
of  quartz  are  carried  off  by  the  current  and  escape  at  the  lower  end  of 
the  trough.     After  a  time  the  blankets  become  covered  with  a  deposit 
of  the  heavier  particles  in  the  ore,  and  the  catching  action  of  the  fibres 
ceases,  so  that  to  maintain  their  efficiency  they  are  frequently  washed, 
and  subsequently  replaced  in  their  respective  troughs.     At  the  upper  end 
of  the  sluices,  where  the  deposit  is  heaviest,  this  operation  is  peif  ormed 
at  intervals  of  fifteen  or  twenty  minutes,  in  the  following  manner. 
The  orifice,  &,  communicating  with  one  of  the  sluices,  C,  is  dosed,  and 
the   aperture,  h\  in  connection  with   the  central  sluice,  C\  standing 
between  the  two  batteries,  is  opened.     The  water  is  thus  turned  off  from 
the  sluice,  C,  while  the  discharge  from  the  battery  is  directed  through 
the  central  trough,  C\     As  many  of  the  blankets  in  the  first  trough,  C,  as 
may  require  it,  are  now  taken  up  and  folded  to  prevent  the  loss  of  any 
of  the  adhering  matter.     They  are  then  taken  to  a  cistern  prepared  for 
that  purpose,  and,  after  being  carefully  washed,  are  again  laid  in  the 
trough,  from  which  they  were  removed.     The  discharge  from  the  batteiy 
is  now  cut  off  from  the  sluice,  C,  and  again  admitted  into  its  original 
channel ;  the  same  operation  being  repeated  whenever  it  is  found  neces- 
sary to  wash  up  the  blankets  on  the  sluices,  C.     When  it  is  found 
requisite  to  remove  the  blankets  from  the  intermediate  trough,  C,  it  is 
done  during  the  time  that  those  on  either  side  of  it  are  in  opeiatioa 
Instead  of  the  arrangement  described,  two  sluices  are  sometimes  con- 
nected with  each  battery,  and,  in  such  cases,  one  is  being  cleaned  up 
while  the  other  is  in  use.     The  blankets  on  the  lower  sluices,  D,  D', 
often  remain  some  hours  without  being  washed.     The  gold  retained  in 
the  battery,  added  to  that  collected  on  the  blankets,  will,  in  the  migority 
of  cases,  amount  to  eight-tenths  of   the  total  produce  from  the  rock 
operated  on.     A  notable  proportion,  however,  escapes  over  the  blankets, 
and  other  contrivances,  such  as  amalgamated  plates  and  concentrators^  are 
adopted  to  aiTest  the  largest  possible  percentage  of  this  light  gold.    For 
this  purpose  amalgamated  copper  plates  aie  generally  employed. 

Amalgamated  Plates. — In  fig.  223,  the  discharged  material  from  the 
blanket-sluices,  which  are  inclined  at  an  angle  of  about  three  and  a  haU 
degrees,  is  conducted  through  troughs,  E  F,  £'  F',  lined  on  the  bottom  with 
amalgamated  copper  plates.  From  these  the  current  passes  to  the  reser- 
voirs for  the  collection  of  tailings.  The  riffle-plates  in  the  sections,  £,  F, 
are  made  to  slide  in  and  out  of  their  places,  for  the  purpose  of  being 
cleaned  or  re-amalgamated,  and  are  usually  from  eight  to  ten  inches  in 
length ;  those  in  F,  F',  are  also  movable,  but  are  made  somewhat  longer. 

In  many  American  mills  erected  for  the  treatment  of  material  contain- 


GOLD.  779 

ing  free  gold,  that  metal  is  now  partly  collected  on  amalgamated  plates 
set  within  the  mortar-box,  and  partly  on  plates  laid  in  front  of  it 

These  copper  plates  are  often  plated  on  one  side  with  silver.  The 
front  plates  are  |  inch  in  thickness,  4  feet  6  inches  wide,  and  vary  in 
length  from  6  to  12  feet.  The  inclination  given  to  the  amalgamated 
plates  is  regulated  by  the  class  of  pulp  to  be  treated.  In  ore  composed 
of  quartz,  finely  divided  gold,  and  sulphide  of  silver,  a  fall  of  1|  or  1| 
inch  per  foot  is  held  to  be  sufficient. 

The  presence  in  the  water  of  grease,  derived  from  the  machinery  or 
any  other  source,  materially  interferes  with  the  process  of  amalgamation  ; 
but  the  occasional  introduction  into  the  battery  of  a  shovelful  of  wood- 
ashes  from  the  ash-pit  of  the  boiler,  removes  any  traces  of  oil,  and  keeps 
the  surfaces  and  amalgamated  plates  constantly  bright. 

The  addition  of  a  minute  quantity  of  metallic  sodium,  or  of  a  little 
sodium  amalgam,  to  the  mercury  employed  for  the  collection  of  gold  has 
been  recommended,  and  at  least  two  patents  have  been  taken  out  for  the 
use  of  sodium  amalgam.  Dr.  Wurtz  applied  for  an  American  patent  in 
November  1864,  and  Mr.  Crookes  made  a  similar  application  in  this 
country  in  February  1865. 

The  evidence  obtained  with  regard  to  its  efficiency  has  been  of  a 
somewhat  conflicting  nature,  and  its  adoption  by  those  employed  in  the 
treatment  of  gold  quartz  has  perliaps  been  less  general  than  was  anticipated. 
It  is,  however,  certain  that  the  addition  of  a  small  amount  of  sodium 
amalgam  to  the  quicksilver  used  for  separating  gold  from  auriferous 
pyrites,  is  sometimes  attended  with  beneficial  results. 

Cleamng^p, — The  stamping-mill  is  kept  continually  at  work  day 
and  night,  and  the  frequency  with  which  the  battery-boxes  are  cleaned 
up  is  to  a  great  extent  regulated  by  the  richness  of  the  rock  operated 
upon.  When  mercury  is  introduced  into  the  battery  the  boxes  are 
cleaned  up  every  three  or  four  days,  but,  in  establishments  where  no 
quicksilver  is  used  in  the  mill,  this  operation  is  generally  put  off  until 
the  end  of  the  week.  In  the  former  case  a  very  large  propprtion  of  the 
gold  is  taken  from  the  battery  in  the  form  of  amalgam,  and,  even  when 
quicksilver  is  not  introduced,  the  cleaning  up  of  the  battery-box  furnishes 
a  considerable  percentage  of  the  produce.  When  it  has  been  determined 
to  clean  up  a  battery,  the  props  are  placed  under  the  tappets,  so  as  to 
keep  the  stamp-heads  raised  to  their  full  height ;  the  screens  are  now 
removed,  and  the  dies  taken  out.  The  whole  of  the  sand  and  other 
auriferous  material  is  then  carefully  collected  in  a  i>an,  and,  after  every- 
thing that  may  be  adhering  to  the  dies  has  been  washed  off  into  the  same 
vessel,  they  are  again  introduced  into  their  places.  When  quicksilver 
has  been  employed  in  the  battery,  in  addition  to  removing  the  dies  and 
collecting  the  sand  and  amalgam,  the  mercury  in  the  riffles  is  changed 
and  the  copper  plates  scraped  and  re-amalgamated.  When  this  has  been 
done  the  screens  are  fastened  in  their  places,  and  the  props  taken  from 
under  the  tappets.     The  coarser  the  gold  in  the  rock  treated,  the  larger 
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will  be  the  percentage  of  the  total  produce  retained  in  the  battery.  In 
order  to  separate  the  gold  and  amalgam  from  the  sand  and  pyrites  with 
which  they  are  mixed,  the  materials  resulting  from  a  cleaning-up  are 
generally  washed  by  panning.  This  may  be  done  in  the  cistern  used  for 
washing  blankets,  since  by  this  means  any  gold  that  may  pass  over  the 
edge  of  the  pan  is  collected  for  subseqaent  treatment  In  a  lai^  num- 
ber of  the  more  modem  mills,  broad  amalgamated  copper  plates,  wells, 
and  riffles,  precede  the  blankets,  and  the  latter  are  often  replaced  by 
more  perfect  mechanical  methods  of  concentration. 

Amalgamation  of  Blanket  Washings,  ^c — ^The  recovery  of  the  gold 
contained  in  the  pyrites  and  other  matters  caught  on  the  blankets,  and 
collected  in  the  washing  tank,  is  effected  by  amalgamation  in  various 
ways.  In  some  cases  they  are  ground  with  water  and  mercury  in  an 
arrastra,  the  bottom  of  which  is  an  iron  pan,  to  which  motion  is  imparted 
from  shafting  connected  with  the  stamping-milL  Sometimes  one  of  the 
pans  described,  when  treating  of  the  processes  employed  in  Nevada  for 
the  amalgamation  of  silver  ore,  is  used ;  but  in  the  Grass  Valley  district, 
a  very  simple  contrivance  is  sometimes  employed 

This  consists  of  two  horizontal  wooden  rollers,  each  eight  inches  in 
diameter  and  two  feet  in  length,  furnished  with  numerous  flat  blades 
of  iron  arranged  radially  on  their  circumference. 

These  rollers  are,  by  means  of  belts,  made  to  revolve  in  shallow 
cisterns  of  mercury,  in  a  direction  contrary  to  that  of  the  current  of 
water  flowing  through  the  machine,  and  above  them  is  a  hopper,  into 
which  is  introduced  the  sand  to  be  washed.  Below  the  rollers  is  a  riffle- 
board,  with  an  inclination  of  seven  degrees,  either  covered  with  removable 
plates  of  amalgamated  copper,  or,  if  the  latter  are  not  used,  having  the 
steps  of  the  riffles  reversed  and  filled  with  mercury.  The  auriferous  sand 
taken  from  the  cisterns  in  which  the  blankets  have  been  washed,  is 
placed  in  the  hopper,  and  a  stream  of  water  slightly  warmed  is  allowed  to 
fall  into  it  in  such  a  way  as  to  gradually  wash  it  under  the  rollers,  and 
thence  over  the  surface  of  the  riffle-board. 

In  some  mills  the  whole  of  the  pyrites,  &c.,  collected  on  the  blankets 
is  ground  in  iron  pans,  while,  in  exceptional  cases,  where  the  rock  is  rich 
and  contains  "  base  metals,"  every  portion  of  the  material  issuing  from 
the  stamping-mill  is  subsequently  treated  in  large  pans  in  the  same 
manner  as  silver  ores. 

Tailings,  ^c — The  tailings  which  escape  over  the  blankets  and  other 
contrivances  employed  for  arresting  gold,  are  collected  in  settling  pits, 
and  are  washed  for  the  purpose  of  concentrating  the  auriferous  sulphides. 
This  may  be  effected  by  the  use  of  tyes,  buddies,  rockers,  shakiog-tables, 
&c.,  and  a  valuable  amount  of  gold,  that  would  otherwise  be  loai,  is  thns 
recovered.  In  many  instances  the  use  of  settling  pits  and  reservoirs  is 
dispensed  with,  the  concentrating  appliances  being  so  arranged  that  the 
tailings  pass  directly  on  to  them  from  the  sluices  and  rifflea 

CoNCBNTRATORS.  —  The  gold  distributed  in  vein-stone   frequently 
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presents  peculiar  difficulties  to  the  mill  man.  No  matter  how  perfect 
may  be  the  appliances  a  greater  or  less  loss  will  always  occur.  In  some 
instances  less  than  50  per  cent  of  the  assay  value  of  the  gold  is  ob- 
tained, while  in  the  most  successful  cases  it  scarcely  exceeds  90  per 
cent  Coarse  gold  enclosed  in  any  kind  of  stony  matrix  is  collected 
without  much  difficulty,  but  heavy  losses  are  always  experienced  in  the 
treatment  of  quartz,  in  which  the  gold  exists  in  association  with  sulphides 
and  arsenides,  when  concentrating  machinery  must  be  employed  for  col- 
lecting and  delivering  these  minerals  in  a  state  suitable  for  their  subse- 
quent treatment  for  gold. 

In  order  to  obtain  the  best  results,  the  grains  of  which  the  pulp  is 
composed  should  be  first  classified  into  particles  of  approximately  equal 
dimensions.  The  apparatus  necessary  for  this  purpose  is  usually  of  simple 
construction.  Rittinger  contrived  the  Spitzkasten  or  pointed  box,  as  well 
as  a  slime  separator,  known  as  the  '*  Spitzlutte,''  or  ''  Y  trough,"  while 
various  German  and  Belgian  engineers  have  constructed  classifiers  of  various 
descriptions.  In  Australia,  end-blow  shaking-tables,  and  concave  buddies 
fitted  with  a  special  appliance  for  washing  the  concentrates  while  on  the 
floor,  are  much  used;  while  in  America,  revolving  belts,  known  under 
different  names,  and  concentrators  of  the  huddle  type,  are  likewise  em- 
ployed. The  Frue  vanner  is  in  America  extensively  employed  for  con- 
centrating auriferous  iron  and  copper  pyrites,  as  well  as  for  mixed  ores 
carrying  small  amounts  of  gold  and  silver.  The  revolving  belt  of  this 
machine,  as  well  as  the  method  of  distributing  and  dividing  the  pulp, 
were  introduced  by  Brunton,  into  Comwall,  for  the  treatment  of  tin 
slimes,  more  than  fifty  years  ago,  the  short  swinging  transverse  move- 
ment given  to  the  belt  being  the  only  new  feature  of  the  apparatus.  The 
belt,  made  of  india-rubber,  supported  on  light  rollers,  moves  against  the 
flow  of  pulp,  which  is  divided  by  jets  of  water  into  concentrates  and 
tailings. 

Rbtorting,  and  Fusion  into  Ingots. — The  amalgam  collected  during 
the  various  operations  for  the  treatment  of  auriferous  products  is,  simi- 
larly to  that  obtained  from  placer  sluices,  first  filtered,  either  through 
canvas  or  buckskin,  and  afterwards  retorted,  the  gold  being  finally  melted 
into  bars. 

Generally,  the  redundant  mercury  is  separated  by  filtration  through  a 
prepared  skin,  in  which  the  pasty  amalgam  remaining  is  wrung,  until  it 
assumes  the  form  of  a  somewhat  granular  mass,  having  the  consistency 
of  putty.  This  contains  about  35  per  cent,  of  gold,  and  before  being  in- 
troduced into  the  retort  is  moulded  into  lumpa  The  retort  employed  is 
of  cast-iron,  and  has  often  the  form  of  an  ordinary  black-lead  crucible, 
varying  in  size  in  accordance  with  the  quantity  of  amalgam  treated  at 
each  operation.  The  top  is  turned  flat,  and  provided  with  a  well-fitting 
cover,  secured  in  its  place  by  a  screw-clamp.  Into  this  is  screwed  an  inch 
gas-pipe  with  a  bend  at  right  angles,  and,  at  a  distance  of  about  three 
feet^  this  \&  again  bent  downwards,  so  as  to  form  another  right  angle. 
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Before  introducing  the  amalgam,  the  inside  of  the  retort  is  slightly 
covered  by  a  thin  coating,  either  of  clay  made  into  a  thin  paste  with 
water,  or  with  a  mixture  of  water  and  wood-ashes.  This  is  done  in  order 
to  prevent  the  adhesion  of  the  gold,  in  case  of  its  being  accidentally  too 
strongly  heated  The  cover  should  be  luted  with  a  little  clay,  before 
being  fastened  in  its  place.  When  the  balls  of  amalgam  have  been  pat 
in,  and  the  cover  has  been  fixed  in  its  place,  the  retort^  with  its  contents, 
is  introduced  into  an  ordinary  wind  furnace,  like  that  employed  for  the 
assay  of  iron  ores,  and  a  coke  or  charcoal  fixe  made  around  it  The  open 
end  of  the  pipe  will  now  be  within  a  short  distance  of  the  floor,  and 
beneath  it  is  placed  a  pan  of  water,  into  which  a  piece  of  canvas,  bound 
around  it  so  as  to  form  a  hose,  is  allowed  to  dip  to  the  depth  of  abont 
half  an  inch.  In  order  to  prevent  accidents  from  the  ascent  of  water  into 
the  retort,  the  level  of  that  in  the  pan  must  be  kept  below  the  end  of  the 
metal  pipe,  and  the  descending  limb  of  the  apparatus  is  cooled  by  being 
bound  with  cloths  which  are  wotted  by  the  constant  application  of  cold 
water,  or  a  liebig  condenser  is  sometimes  employed.  The  latter  has  the 
advantage  of  being  neater,  and  also  of  requiring  less  attention  on  the 
part  of  the  person  in  charge  of  the  operation.  When  the  apparatus  has 
been  tiius  arranged  the  fire  is  lighted,  and  the  heat  gradually  increased, 
until  the  retort  has  acquired  a  dull-red  colour,  care  being  at  the  same 
time  taken  to  insure  perfect  condensation  of  the  mercury.  In  this  uray 
the  heat  is  kept  up  for  some  time,  but  when  the  pipe  begins  to  cool,  and 
drops  of  quicksilver  no  longer  fall  from  its  extremity,  the  operation  is 
finished.  The  fire  may  now  be  withdrawn,  and  the  retort  removed  from 
the  furnace.  The  cover  should  not,  however,  be  removed  until  the  retoit 
has  become  nearly  cold,  to  avoid  the  di£Pusion  of  merourial  vapouis  in 
the  atmosphere.  When  very  large  quantities  of  auriferous  amalgam 
have  to  be  dealt  with,  a  fixed  retort,  similar  to  that  employed  for  the 
treatment  of  silver  amalgam,  may  be  used  with  advantage. 

Retorted  gold  is  generally  melted,  for  tiie  purpose  of  being  cast  into 
ingots,  in  the  furnace  used  for  heating  the  retort  during  the  distillation 
of  amalgam.  Either  coke  or  charcoal  may  be  employed  as  fuel,  and  the 
black-lead  pots  in  which  the  fusion  is  efiected  should  be  well  annealed 
before  being  exposed  to  the  full  heat  of  the  fire.  The  spongy  gold,  which 
at  the  commencement  of  the  operation  filled  the  pot»  when  fused,  occupies 
much  less  space  than  it  did  previously;  so  that  as  soon  as  the  first  chai^ 
has  melted,  the  cover  may  be  taken  off,  and  a  further  addition  of  retorted 
gold  made.  A  little  borax  is  added  with  each  charge,  and  ^en  the 
crucible  has  become  sufficiently  full  of  fused  metal,  it  is  withdrawn  with 
a  pair  of  stout  tongs,  and  its  contents  poured  into  open  cast-iron  moulds. 

The  cost  of  extracting  the  gold  from  a  ton  of  auriferous  quartz  varies 
within  wide  limits  according  to  the  richness  and  nature  of  the  rock,  and 
the  cost  of  the  fuel,  labour,  &c.,  in  the  locality.  It  is  also  evident  that 
water-mills  can  work  more  economically  than  those  employing  steam- 
power.     In  California,  in  1875,  the  Chariot  Mine,  San  Diego^  treated 
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2,500  tons  of  quartz,  yielding  on  an  average  $55,  at  a  cost  of  $4  per  ton 
of  2,000  lbs.,  while  the  Sierra  Buttes,  in  Siena  County,  worked  53,959 
tons,  yielding  on  an  average  $8*50,  at  a  cost  of  $0*83  per  ton.  During 
the  same  year  the  average  cost  of  treating  one  ton  of  auriferous  quartz  at 
thirteen  of  the  most  productive  mines  in  California  was  $1*86  per  ton. 

At  the  present  time  (1886)  the  cost  of  milling  is  considerably  lower 
than  in  1875.  At  Sierra  Buttes,  with  ninety-three  heads  of  stamps  at 
work,  it  is  reduced  to  $0*56  per  ton. 

At  the  Home-Stake  Mines,  Dakota,  auriferous  slate  is  amalgamated 
within  the  mortar-boxes  and  on  plates  in  front  of  them.  During  the 
year  ending  1883,  the  number  of  heads  in  work  was  200 ;  number  of 
tons  crushed,  191,505 ;  value  of  stufl^  23s.  9d.  per  ton ;  cost  of  mining 
and  milling,  16s.  5d.  per  ton ;  profit,  7s.  4d.  per  ton. 

Dry  Stamping, — ^Auriferous  ores,  if  largely  associated  with  sulphide  of 
silver,  aire  usually  first  dried  in  a  revolving  furnace,  then  stamped  dry  in 
the  mill  with  a  proportion  of  common  salt,  and  subsequently  chloridized  in 
a  revolving  or  Stetfeldt  f umac&  A  head  weighing  800  lbs.,  with  a  drop 
of  7  inches,  making  ninety  drops  per  minute,  will  pass  through  double 
discharge  wire-wove  screens  having  nine  hundred  holes  per  square  inch, 
about  one  ton  of  dry  dust  during  twenty-four  hours.  "With  a  single 
discharge  under  similar  conditions  of  speed  with  the  use  of  water,  a  head 
will  reduce  to  the  condition  of  pulp  of  the  same  degree  of  fineness  about 
twice  as  much  ore  in  the  same  time. 

Australian  Gold  Mills. 

In  Australia  the  reduction  of  auriferous  quartz  is  effected  by  methods 
generally  similar  to  those  described  as  in  use  in  California ;  but  there  are 
some  notable  differences  in  the  construction  of  the  machinery,  as  will  be 
seen  from  the  following  account  of  the  Australian  gold-saving  apparatus  in 
use  at  the  Phoenix  Gold  Mines,  in  South  Wynaad,  India.  The  quartz  at 
that  mine  is  of  the  usual  degree  of  hardness,  and  is  associated  with  from 
2  to  3  per  cent  of  pyrites  assaying  from  2  to  4  ounces  of  gold  per  ton. 
The  quartz  itself  contains  only  from  3  to  5  pennyweights  per  ton.  The 
quartz  is  reduced  to  a  pulp  which  passes  through  screens  with  two  hun- 
dred holes  to  the  square  inch.  The  pulp  and  water  flow  over  three  sets 
of  amalgamated  copper  plates  with  a  fall  of  1  in  14,  whose  width  is  the 
same  as  the  length  of  the  mortar-box,  namely,  50  inches.  Fig.  224  is  an 
end  elevation  of  the  stamps  employed. 

Contrary  to  American  practice,  the  entire  framework,  guides,  and 
guide-pieces  are  of  cast-iron,  while  the  cams  are  on  a  second  motion  shaft 
driven  by  spur  gearing.  A',  cast>iron  frame ;  B,  platform  in  front  and 
rear  of  cam  shaft ;  C,  spur-wheels  for  driving  cam  shaft ;  D,  steel  cams 
mounted  on  shaft ;  F,  mortar-box ;  G,  stamp  head ;  H,  die  at  bottom  of 
mortar-box ;  J,  stamp  screen ;  E,  splash  cover  of  sheet-iron  hung  in  front 
of  stamp  screen ;  L,  flat  screen  for  distributing  pulp  equally  across  the 
head  of  first  amalgamated  plate ;  M,  first  amalgamated  plate,  24  inches 
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long,  on  the  line  of  flow ;  N,  second  amalgamated  plate,  63  inches  long ; 
O,  third  amalgamated  plate,  24  inches  long ;  P,  mercury  well ;  R,  pipe 
for  supplying  mortar-boxes  with  water ;  S,  weight  for  keeping  clutches 
in  gear ;  T,  stem  attached  to  stamp-head. 

It  will  be  observed  that  the  top  of  the  die  is  level  with  the  bottom  of 
the  screen,  and  that  the  distance  between  the  stamp-head  and  front  of 
the  mortar-box  is  very  small,  about  If  inch.  The  amalgamation  of  gold 
with  mercury  is  not  eflfected  within  the  mortar-box,  but  takes  place  exclu- 
sively on  the  plates  and  in  the  mercury  well     From  the  mercury  well, 


Fig.  224.— Australian  Stacnping-Mill ;  end  eleyation. 

P,  the  pulp  passes  over  amalgamated  plates  and  two  mercury  riffles,  each 
about  3  inches  wide  and  IJ  inch  deep,  and  is  finally  concentrated  on  a 
shaking-table  having  at  the  head  a  pan-like  depression  from  the  bottom 
of  which  the  concentrated  sulphides  escape,  through  an  easily  regulated 
valve,  and  are  collected  in  a  reservoir,  while  the  impoverished  tailings 
pass  off  at  the  other  end.  The  pyritic  concentrates  from  the  shaking- 
table  are  subsequently  amalgamated  in  Wheeler  pans  and  finally  passed 
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through  a  set  of  Hungarian  mills.     Each  stamp-head  makes  from  60  to 
70  drops,  each  of  9  inches,  per  minute. 

From  the  reduction  of  7,500  tons  of  quartz,  270  tons  of  pyritic  con- 
centrates were  obtained.  The  gold  collected  from  the  pyritic  quartz, 
7,600  tons,  was  1,075  ounces,  or  at  the  rate  of  ^j^  dwt.  per  ton. 


A  WAV  TAILIMCS 


Fig.  225.~QueenBland  Gold  MiU ;  longitudinal  section. 


The  several  parts  of  the  apparatus  afforded  the  following  proportionate 
quantities  of  the  total  weight  of  gold  obtained  : — 

Par  C«nt 

Mortar-boxes 9*2 

Amalganukted  plfttes 65*8 

Mercorj  well  and  riffles S'l 

Wheeler  pans  (from  oonoentrates)  .                         .22*2 
Hungarian  mills     do.  4*7 

100*0 
The  amalgam  collected  on  the  plates  contained  about  one-third  of 
its  weight  of  gold.     The  concentrates,  270  tons,  yielded  1  oz.  of  gold 
per  ton. 

An  exceptionally  well-constructed  quartz-crushing  and  amalgamating 
mill,  erected  for  the  Queensland  Commissioners  at  the  late  Colonial 
and  Indian  Exhibition  by  Messrsw#John  Walker  &  Co.,  of  Mary- 
borough, Queensland,  is  represented  in  perspective  elevation  in  the 
folding  plate,^  and  in  transverse  section  and  plan  in  figs.  225,  226,  which 
have  been  kindly  furnished  by  the  proprietors  of  '  The  Engineer.'  The 
^  The  battery  is  at  rest,  with  the  stamps  "  hong  up.* 
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stamp  battery  of  five  heads,  each  weighing  800  lbs.,  and  capable  of  crash- 
ing 48  cwts.  of  quartz  in  twenty-four  hours,  has  a  cast-iron  framing  of 
which  the  principal  element  is  a  10-inch  tubular  column,  with  a  flanged 
base  7^  feet  wide,  carrying  the  bearings  of  the  cam  shafts  as  well  as  a 
lighter  pair  of  pillars  with  cross  girders  for  the  6tamp-guide&  The  cam 
shaft,  driven  at  one  end  by  a  belt  from  the  engine,  makes  about  35  revolu- 
tions, giving  double  that  number  of  drops  of  the  stamps,  per  minute.    The 

stamp-dies  are  placed  at  most  two  inches  be- 
low the  lower  sill  of  the  discharging  aperturew 
The  screens  are  of  best  charcoal  sheet-iron, 
about  No.  28  B.W.G.,  with  226  holes  to  the 
square  inch.  Chilled  cast-iron  shoes  and 
dies  are  used ;  but  according  to  Mr.  Longs- 
den,  very  good  results  have  been  obtained 
in  Queensland  from  the  use  of  wrought- 
iron  shoes  made  from  scrap  blooms,  as  the 
soft  metal  becomes  incrusted  with  particles 
of  quartz,  and  then  acts  much  in  the  same 
way  as  a  diamond-  or  emery-faced  surface. 
The  battery  water  is  supplied  at  the  rate 
of  100  gallons  per  hour  for  each  head  from 
the  pipe  below  the  cam  shaft  in  front  Mer- 
cury is  used  in  the  battery,  and  a  strip  of 
blanket  is  placed  along  the  sill  of  the  dis- 
charging aperture,  immediately  in  front  of 
the  screen,  to  prevent  loss  of  amalgam.  The 
sur^u^  amalgamators,  5  feet  in  widtii,  are 
divided  into  three  series  by  two  sets  of 
mercury  wells  and  riffles,  whose  lengths  are 
22  inches,  6  feet,  and  7^  feet  respectively. 
The  mercury  well  is  a  square  trough,  pro- 
vided with  an  amalgamated  stop  or  back 
plate,  which  brings  the  stream  falling  over 
the  edge  of  the  board  into  close  contact 
with  the  mercury.  The  copper  plates  are 
electro-silvered  before  amalgamation,  and 
sodium  amalgam  is  used  at  regular  inter- 
vals to  quicken  the  action  as  well  as  to 
prevent  flouring  of  the  mercury.  The  concentration  of  the  pyrites  is 
effected  by  a  percussion-table  with  a  continuous  discharge  placed  below 
the  surface  amalgamator.  This  is  horizontal  at  the  upper  end,  but  sharply 
inclined  towards  the  bottom,  and  is  also  slightly  dished  in  the  centre, 
having  a  discharging  aperture  at  the  lowest  part,  which  is  regulated  by  an 
adjustable  valve.  The  table  is  suspended  by  links  at  the  four  comers,  and 
is  kept  in  rapid  movement  by  a  three-armed  cam,  making  64  revolutions 
per  minute,  which  forces  it  against  a  buffer-stop  placed  below  the  lowest 
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amalgamating  table.  The  heavy  deposit  passes  through  the  valve,  while 
the  lighter  waste  is  carried  over  the  end  of  the  table  into  the  tailings 
gutter  below.  The  concentrated  deposit,  after  passing  through  a  Boss 
pan,  where  it  is  triturated  with  mercury,  is  led  into  a  7-foot  settler,  where 
the  last  separation  of  amalgam  takes  place.  At  a  subsequent  period, 
after  the  illustration  was  engraved,  two  Berdan  pans  were  added  to  the 
plant.  In  these  machines  the  grinding  is  effected  by  heavy  balls  of  cast- 
iron,  working  in  an  annular  trough  of  U-shaped  section,  which  revolves 
about  an  inclined  axis.  They  are  used  to  a  considerable  extent  in 
Australia,  but  not  much  elsewhere. 

HuNQABiAN  Mill. 

At  Schemnitz  in  Hungary,  quartz  vein-stuff,  containing  iron  pyrites, 
galena,  and  a  little  free  gold,  is  stamped  and  subjected  to  amalgamation 
in  the  apparatus  represented  in  fig.  227,  kno^vn  as  the  Hungarian  or 


Fig.  227. 

Tyrolese  mill.  This  consists  essentially  of  a  cast-iron  basin,  a,  b,  e,  d^ 
carried  upon  a  framework.  A,  with  a  driving-shaft,  x^  passing  through  a 
tube  in  the  centre,  which  receives  motion  from  a  spur-wheel  below,  and 
turns  the  runner,  /,  by  means  of  a  cross  head  and  suspension  rods,  g. 
The  outside  of  the  runner,  which  is  made  of  hard  wood,  is  similar  in 
shape  to  the  inside  of  the  pan,  and  carries  a  series  of  iron  blades  projecting 
radially  from  the  less  steeply  inclined  part  of  the  side ;  and  it  also  has 
similar  blades  on  the  bottom.  The  inside  is  hollowed  out  to  a  funnel 
shape,  leaving  a  narrow  annular  passage  for  the  admission  of  the  pulp 
around  the  central  tube.  The  bottom  of  the  basin  is  filled  with  mercury 
to  a  depth  of  ^  to  f  inch,  which  requires  about  50  lbs.  in  a  16-inch  pan. 
Usually  several  mills  are  employed  in  connection  with  the  same  stunp- 
battery,  and  are  arranged  in  series  at  different  levels,  as  shown  in  fig.  227. 
When  the  runner  is  so  adjusted  by  the  suspension  rods  that  the  blades 
are  about  \  inch  from  the  surface  of  the  mercury,  it  is  set  in  motion,  and 
the  pulp  from  the  stamps,  arriving  by  the  spout  S,  enters  at  the  centre  of 
the  upper  mill,  and  after  passing  over  the  mercury,  is  discharged  by  S'  into 
the  lower  mill,  where  it  is  similarly  treated,  and  passes  out  by  S"  to  the 
concentrating  apparatus.     The  speed  of  rotation  varies  from  twelve  to 
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twenty-four  revolutions,  according  to  the  density  of  the  associated 
minerals,  and  is  so  regulated  that  the  current  may  pass  freely  oyer  the 
mercury  without  forming  any  deposit  upon  it^  the  flow  being  kept  up 
by  the  centrifugal  action  of  the  runner  blades,  so  that  only  the  free  gold 
subsides  and  amalgamates,  while  pyrites,*  galena,  and  other  minerals 
pass  out  together  with  the  gold  that  escapes  the  action  of  the  mercury. 
The  mills  are  cleaned  out  at  intervals  of  two  to  four  weeks,  and  the 
amalgam  is  filtered  and  distilled  in  the  usual  way. 

According  to  Rittinger,  a  larger  proportion  of  gold  is  saved  when 
distilled  mercury  is  used  in  the  mills  instead  of  that  squeezed  out  of  the 
amalgam  in  filtration,  as  the  latter,  although  containing  only  from  4 
to  6  grains  of  gold  per  lb.,  is  less  efficacious  in  amalgamating  than  the 
pure  metal;  but  the  increased  cost  and  trouble  due  to  the  necessity 
of  more  frequently  changing  and  distilling  the  mercury  prevents  this 
method  of  working  from  being  practically  adopted.  The  vein-stuff  treated 
yields  at  the  rate  of  about  1  lb.  of  gold  per  100  tons,  or  about  3^  dwt& 
per  ton,  in  addition  to  what  may  be  recovered  by  smelting  the  con- 
centrates. The  loss  of  mercury  is  from  2  to  4  Iba  per  100  ions,  but 
may  exceptionally  be  as  high  as  10  lbs.  if  the  slimes  contain  clay  or  anti- 
monial  ores.  When  three  series  of  mills  are  used,  65  to  75  per  cent  of 
the  total  gold  is  saved  by  the  upper,  20  to  25  per  cent  by  the  middle, 
and  6  to  10  per  cent,  by  the  lower  series.  A  mill  will  treat  about  18 
cwts.  of  stuff  in  twenty-four  hours,  and  requires  about  ^j  of  one-horse 
power  to  drive  it. 

This  apparatus,  though  comparatively  restricted  in  its  application,  is 
used  to  some  extent  in  Australian  gold  mills  (p.  785).  Various  attempts 
have  been  made  to  extend  the  same  principle,  namely,  that  of  centiifugal 
distribution,  to  pumping  or  forcing  slimes  through  a  deep  column  of 
mercury,  in  order  to  obtain  more  perfect  amalgamation ;  but  most  of 
these  contrivances  have  the  disadvantage  of  producing  a  great  waste  of 
mercury. 

Amalgamation  of  Ptbites  at  St.  John  D'el  Bet. 

The  rock  enclosing  the  Monro  Yelho  lode  is  a  day-slate  of  tolerably 
uniform  texture,  the  lode  itself  being  strong  and  well  defined;  but 
irregular  in  direction,  dip,  and  dimensions,  and  frequently  traversed  by 
fissured  clay-slate,  or  barren  white  quartz.  The  valuable  part  of  the  vein- 
stuff,  composed  of  quartz  with  iron  pyrites  disseminated  throughout^  is 
subjected  to  mechanical  concentration  in  order  to  collect  the  pyrites  i<tt 
barrel  amalgamation,  but  the  use  of  mercury  either  in  the  battery  or  on 
surface-plates  is  dispensed  with.  The  order  of  the  different  operations  is 
as  follows : — 

Stamping. — ^The  ores  on  being  drawn  from  underground  are  reduced 
by  stone-breakers  to  a  proper  size  for  the  stamping-mills,  which  are  of  the 
ordinary  Cornish  and  CaUfomian  patterns,  and  are  worked  by  water 
polver.  The  screens  used  are  pierced  with  conical  holes  -j^  inch  in  dia- 
meter on  the  outside,  tapering  off  on  the  other  to  /^  inch,  where  a 
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projecting  burr  is  raised  towards  the  inside  of  the  battery-box.  Some 
experiments  made  for  the  purpose  of  ascertaining  the  yield  of  gold  inci- 
dent to  deep  and  shallow  stamping  afforded  the  following  results : — 


Depth  of 

Die  below 

Bottom  of 

Screen. 

LoMofGold 
percent. 

Band  Pro- 
duced not 

through  120 

Holes  to 
Uoear  Inch. 

Tons 
Stamped  per 

Number  of 
Drops  of 
Head  per 
Minute. 

Deep  stamping  . 
ShaUow     . 

Inches. 

• 

30-96 
4470 

Per  Cent 
12i 

28 

1-3 
1-8 

60 
60 

The  loss  of  gold  in  shallow  stamping  was  44*7  per  cent.,  while  in 
deep  stamping  it  was  reduced  to  30*96  per  cent.,  or  about  14  units  in 
favour  of  the  latter. 

The  number  of  stamp  heads  at  work  in  May  1885  was  132.  The 
work  performed  by  these  heads  for  twelve  months  to  that  date  is 
given  as  1*27  tons  per  head  daily. 

CoNCENTBATiON  BY  Stbakes. — The  discharge  from  the  screens  in 
front  of  the  batteiy-boxes  is  diluted  with  a  certain  amount  of  clear  water, 
and  conducted  over  inclined  strakes  each  20  inches  in  width  and  22  feet 
in  length,  which  have  a  fall  of  1  in  10.  These  strakes  are  made  of 
well-seasoned  l^inch  planks  nailed  to  triangular  frames.  The  three 
surfaces  or  strakes  are  carefully  covered  with  coarse  sail-cloth  tarred  on 
the  under  side  and  then  fastened  with  tacks,  while  on  the  edges  of  the 
sides  are  screwed  slips  of  wood.  Each  end  of  the  strake-f  rame  is  supported 
on  a  wrought-iron  axis,  and  as  soon  as  it  is  necessary  to  present  a  fresh 
concentrating  surface,  the  upper  strake  is  turned  one-third  of  a  revolution, 
when  the  material  already  concentrated  and  resting  on  its  face  is  washed 
off  by  means  of  a  water-jet  into  a  Y-shaped  trough  beneath.  This  pulp 
then  flows  to  a  catch-pit.  A  pair  of  strakes  is  represented  in  cross 
section  on  A  B,  and  end  elevation,  in  fig.  228,  in  side  elevation  in  fig. 
229,  and  in  plan  in  fig.  230.  a,  launders,  bringing  the  pulp  and  water 
from  stamps  to  head  of  strakes ;  h,  bottom  of  strake  covered  with  sail 
cloth ;  c,  side  slips  clipping  the  edges  of  the  sail-cloth  and  keeping  the 
pulp  on  the  strake  table ;  d,  triangular  frame  on  which  the  strakes  are 
laid ;  «,  catchbox ;  /,  waste  launder  for  tailings ;  g,  concentrate  launder 
leading  to  the  catch-pit ;  h,  wrought-iron  axles  on  which  the  strakes  are 
suspended ;  k,  laps  of  canvas  to  make  up  joints.  For  a  battery  of  thirty 
heads  of  Califomian  stamps  reducing  about  40  tons  of  quartz  per  day  of 
twenty-four  hours,  twenty-four  such  strakes  are  necessary. 

The  question  of  increasing  the  weight  of  auriferous  concentrates  for 
barrel  amalgamation,  and  reducing  the  loss  of  free  gold  in  the  treatment 
of  the  pulp  from  the  screens,  has  received  serious  and  careful  attention. 
In  an  experiment  with  a  new  skin  and  woolly  baize  conducted  under 
similar  conditions,  it  was  found  that  the  proportion  of  sand  retained  on 
the  skin  was  to  that  on  the  baize  as  1  to  5*5,  while  the  proportion  of  gold 
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collected  was  in  the  inverse  ratio,  namely,  as  1  to  0*52,  a  result  unfavonr- 
able  to  the  use  of  baize.  In  a  second  series  of  experiments  a  hairiem 
skin  was  first  placed  on  the  stroke,  then  woolly  baize,  followed  by  common 
baize.     The  proportional  figures  for  sand  and  gold  caught  were : — 

Hairless  Skin.  Woolly  BaiM.  Common  Baize. 

Sand     ....  1  610  12-0 

Gold     ....  1  0-8  0-81 

The  inferiority  of  woolly  baize  to  other  materials  for  collecting  gold 


Fig.  228.— Pair  of  Strakes ;  cross  section  on  A  B,  and  end  elevation. 


Fig.  230.— Pair  of  Strakes ;  plan. 

was  thus  rendered  so  apparent  that  it  was  withdrawn  from  use  at  the 
straking  floors. 

Amalgamation  of  Concentrates. — The  concentrates  obtained  from 
the  revolving  strakes  are  generally  amalgamated  in  barrels  and  not  in 
pans,  the  use  of  the  latter  being  of  somewhat  recent  date.     Each  barrel 
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takes  16  cubic  feet  or  14  cwts.  of  concentrates,  measuring  22  cubic  feet  to 
one  ton,  and  50  Ibs.^  of  mercury.  The  barrel,  charged  with  concentrates 
and  water  only,  is  rotated  for  a  period  of  fifteen  minutes,  when  it  is 
stopped  and  opened  to  test  whether  the  contents  are  in  proper  propor- 
tions. If  too  much  water  is  present  the  mercury  sinks  to  the  bottom, 
and  will  not  mix  with  the  concentrates ;  but  if  too  little  is  employed  the 
concentrates  cut  and  flour  the  mercury.  The  consistency  of  the  pulp 
should  be  that  of  thick  honey,  which  is  readily  ascertained  by  dipping  a 
stick  into  it.  If  the  stuff  slides  off  too  freely  it  is  either  too  dry  or  too 
wet,  and  either  water  or  concentrates  must  be  added  as  required.  When 
this  is  corrected  a  few  more  turns  of  the  barrel  are  made,  and  the  mixture 
is  again  tested.  When  the  proportions  of  sand  and  water  are  found  to  be 
satisfactory  the  mercury  is  introduced,  and  the  barrel  is  turned  for  twenty- 
four  hours  at  a  speed  of  fourteen  revolutions  per  minute.  The  contents 
of  the  barrel  are  then  discharged  into  an  apparatus  known  as  a  "  saxe," 
which  has  for  its  object  the  removal  of  slime  and  the  collection  of  the 
amalgam  and  globules  of  quicksilver.  This  consists  of  a  series  of  rec- 
tangular boxes  {catQsas)  containing  from  2  to  3  cwts.  of  mercury  at  the 
bottom,  with  a  number  of  agitating  blades  which  receive  a  reciprocating 
motion  from  the  same  wheel  that  turns  the  barrels.  With  the  view  of 
further  diminishing  the  loss  of  amalgam  and  mercury,  the  pulp  from  the 
saxe  is  passed  over  a  system  of  strakes,  and  the  concentrates,  after  grind- 
ing in  arrastras,  are  again  amalgamated.  The  loss  of  mercury  is  commonly 
reckoned  at  about  |  ounce  per  cubic  foot  of  concentrates ;  but  the  actual 
loss  experienced  on  3,595  tons  amalgamated  amounted  to  12f  ounces 
per  ton. 

The  following  statistics  relate  to  working  results  during  ten  years 
ending  May  1886  : — 


Year. 

Total 

Number 

of  Tons  of 

Mineral 

raised 

from 

Shafts. 

Total  Tons 
Total        of  Sand 
Number      Concen- 
of  Tcms  of  brated  and 

Losaof 
Mercury 
on  Band 
Amalfla. 
mated. 
Lbs. 

Average 

vieldoT 

Mineral 

after 

lYeatment 
by  the 

Stamps,  in 
OK.  Troy 
per  Ton. 

Losaof 

Goldnn 
Treat- 
ment 

Cost  per  Ton  of 

Mineral 
Stamped. 

Amalgi^ 
mated. 

Mineral 
Stamped. 

Mineral 
Beoeived 
fromMine. 

1876 
1877 
1878 
1879 
1880 
1881 
1882 
1888 
1884 
1885 

68,698 
66,127 
67,915 
69,954 
62,681 
46,164 
67,463 
72,496 
69,254 
61,230 

62,474 
63.068 
66,976 
69,548 
63,540 
45,564 
63,939 
70,142 
64,940 
60,065 

2,944 
3,348 
8,631 
4,078 
8,887 
8,097 
3,372 
3,863 
3.771 
3,970 

2,877 
2,184 
2.420 
1,822 
1,817 
1,907 
1,671 
.2,605 
3,796 
7,815  « 

1-110 
•812 
•884 
•690 
•727 
•640 
•655 
•381 
•358 
•376 

Percent 

26-bo 
29-20 
31-50 
26-50 
24-36 
31-35 
29-14 
34^42 
83-21 

«.     d. 

3     9 
3  10 

nt 

8  lU 
6    Oi 
3    9J 
3    Si 
3    8J 
3    8J 

«.     d. 

8     Si 
8     7i 
4     Oi 

3  Si 

4  Oi 
4  Hi 
8    7i 
8    6i 
3    5| 
8    71 

646,977 

630,246 

35,951 

28,414  » 

1  See  'liming  and  Metallurgy  of  Gold  and  SUyer,'  p.  218. 
3  Excesaye  loss  through  leakage  of  apparatna. 
'  Per  ton  of  land  amalgamated  =  079  lbs. 


792 


ELEMENTS   OP  METALLURGY. 


On  referriDg  to  the  foregoing  table,  it  will  be  observed  that  eyexy 
hundred  tons  of  quartz  reduced  to  pulp,  gave  5^^^  tons  of  concentrates, 
which  were  amalgamated  with  an  average  loss  of  12^  ounces  of  mercury 
per  ton ;  also  that  the  gold  obtained  varied  from  65^  to  75^^  of  the 
total  quantity  contained  in  the  mineral 

The  net  profit  on  milling  and  treating  630,246  tons  of  ore  was 
£524,727,  or  166.  7|d.  per  ton. 

The  Morro  YelhO  Mine  was  purchased  in  1835,  and  during  a  period 
of  fifty  years  to  June  1885,  yielded  gold  to  the  amount  of  £5,059,501. 

Arrabt£a  Amalgamation  at  Pestabbna. 

The  Pestarena  Mines  include  those  of  Yal  Toppa,  situated  in  the  Yal 
Ossola,  and  of  Pestarena,  about  eighteen  miles  distant  from  the  former,  in 
the  Yal  Anzasca,  in  North  Italy.  The  general  characters  of  the  deposits 
are  given  in  the  following  table : — 


Val  Toppa. 

Pestarena. 

Rock    enclosing 
reel 

Gangue. 

Ore. 

Native  gold. 
Characterof  gold. 

Special  difficulty 
in  mechanicjJ 
treatment 

Micaceous  and  talcose  slates 
occaaionally    occurring    to- 
gether. 

Almost  entirely  quartz. 

Auriferous  iron  pyrites  with 
mispickel,  containing  nickel 
in  very  small  quantities. 

Rarely  found. 

Gold  very  minutely  divided  : 
gravitating    property    very 
feeble. 

Gold  more  or  less  enfilmed  in 
micaceous  schist,  which  pro- 
tects it  from  amalgamation. 

Micaceous  schist. 

Micaceous    schist    associated 

quarta, 

Similar  to  that  found  in  the 
Yal  Toppa  Mine. 

Never  found. 

Gold  similar  to  Val  Toppa. 

Same  as  Val  Toppa. 

Considerable  attention  has  been  given  at  these  mines  to  the  deter- 
mination of  the  value  of  various  reducing  and  amalgamating  apparatu& 
Stamps  and  amalgamated  plates  have  been  tried  with  the  result  that  only 
65  per  cent  of  the  contents  of  gold  in  the  stuff  was  obtained ;  but  with 
the  modified  form  of  arrastra  known  as  the  Francfort  mill,  about  82  per 
cent  of  the  gold  is  secured.  It  appears  that  time  and  attrition  for 
brightening  the  particles  of  gold,  are  requisite  for  realizing  the  higher 
result 

The  ore  and  gangue,  when  brought  to  surface,  are  first  washed  on 
tables;  the  large  pieces  are  then  reduced  by  a  stone-breaker,  and  the 
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stuff  from  both  operations  is  dry  crushed  by  rolls,  and  sized  by  a  drum- 
sieve  with  twelve  holes  to  the  square  inch  into  particles  of  6  mm.  and 
less,  which  are  sent  to  the  Francfort  mills. 

Franofort  Mill. — This  mill  is  represented  in  section  in  fig.  231,  and 
in  plan  in  fig.  232.  The  outer  shell  of  wood,  a,  10  feet  8  inches  diameter 
at  top,  and  10  feet  3  inches  at  bottom,  is  strongly  hooped  with  iron ;  6,  mill 
runners,  four  in  number,  30  inches  wide,  10  inches  thick,  and  about  25 
inches  long ;  c,  ring  of  wrought-iron,  i  inches  wide  and  1^  inches  thick, 
attached  to  runners  by  wrought-iron  staples,  d  ;  g,  screws,  2|  inches  dia- 
meter, placed  midway  between  runners  for  lifting  or  lowering  the  wrought- 
iron  ring,  c,  and  runners,  b ;  a;,  inner  shell  of  wood,  5  feet  diameter  at 
bottom,  and  i  feet  9  inches  at  top,  kept  together  by  wrought-iron  hoops 
on  the  outside;  y,  spinning  launders;  t,  hole  in  bottom  of  mill  bed, 
plugged  with  hemp  when  in  work ;  tr,  launder  for  receiving  pulp  and 
amalgam  at  the  time  of  the  *' clean  up,"  when  the  hemp  plug  is  with- 
drawn ;  t?,  spur  wheel  by  which  the  mill  is  driven ;  t,  hand-wheel  for 
throwing  the  friction  cone,  8,  in  or  out  of  gear.  By  means  of  the  chains 
and  shackles  shown  in  fig.  232,  the  ''drag"  of  the  runners  or  mullers 
is  thrown  upon  the  wooden  arms  attached  to  a  segment  piece  centred 
around  a  vertical  shaft  i\  inches  diameter. 

The  height  of  the  outer  shell  from  the  ground  is  40  inches,  the  depth 
from  the  upper  edge  to  the  grinding  and  amalgamating  floor  is  20 
inches,  and  the  width  of  the  latter  is  30  inches.  In  charging  the  mill 
about  6  inches  of  water  is  allowed  to  flow  on  the  bed,  the  arms  are  then 
set  in  motion  at  twelve  revolutions  per  minute,  and  the  first  charge  of  1^ 
quintal  of  stuff  is  drawn  from  the  storage  hopper.  The  chains  connecting 
the  arms  with  the  runner  ring  are  then  slackened,  and  the  set-screws  on 
the  arms  lowered  until  the  full  weight  of  each  runner  bears  upon  the  stuff. 
In  this  position  the  runners  remain  during  the  grinding  and  amalgamat* 
ing  operation.  When  it  is  seen  that  the  speed  of  the  mill  is  gaining  on 
the  regulation  number  of  twelve  revolutions  per  minute,  the  second 
charge  of  1|  quintal  of  stuff  is  added.  At  the  same  time  clean  water 
is  supplied  until  the  depth  measures  from  8  to  10  inche&  After  the 
lapse  of  forty  minutes  the  mill  is  ready  for  a  third  charge ;  no  fresh  water 
is,  however,  added  on  this  occasion.  This  third  charge,  completing  the 
first  series  of  charges,  gives  a  total  of  about  five  quintals  dry  weight, 
while  the  time  occupied  in  the  first  stage  of  grinding  the  stuff  is  two  hours. 
The  speed  of  the  stones  is  now  reduced  to  eight  revolutions  per  minute. 
At  the  close  of  another  hour  mercury  is  added  to  the  pulp,  the  quantity 
being  three  kilogrammes  per  milL  The  time  of  the  delivery  of  the  mer- 
cury as  well  as  the  weight  employed  is,  however,  regulated  by  the  class  of 
ore  under  treatment,  pyrites  containing  arsenic  or  other  deleterious  sub- 
stances necessitating  a  prolongation  of  the  operation  until  the  stuff  is 
reduced  to  a  very  fine  paste.  In  a  case  of  this  kind  the  mercury  is  not 
delivered  until  an  hour  later  than  is  usual  with  ordinary  ore.  If  the  mer- 
cury "  flours  *'  and  floats  on  the  surface  of  the  water,  four  kilogrammes  of 
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dry  fresh  lime  are  thrown  into  the  milL     One  hoar  and  a  half  after  the 
ordinary  time  of  adding  the  mercury  to  the  charge,  the  speed  is  lessened 


i>---i! 


Fig.  281.— Francfort  Mill ;  yertlcttl  Mction.    . 


Fig.  232.— Francfort  Mill;  plaiu 


to  six  revolutions,  and  two  hours  later  it  is  reduced  to  five  reyolations 
per  minute.  At  this  point  in  the  operation  6  inches  of  water  is  added, 
making  from  16  to  18  inches  of  standing  water  in  the  mill     This 
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late  of  speed,  five  revolutions  per  minute,  the  lowest  used,  is  main- 
tained for  two  hours.  The  process  termed  "spinning  "  now  takes  place, 
that  is,  about  6  inches  of  the  top  water  is  run  off  from  the  mill,  leaving 
12  inches  still  on  the  bed.  To  effect  this  the  plugs  in  the  outer  shell 
within  a  vertical  launder  are  removed,  the  highest  first,  in  order  to  avoid 
anj  mixture  of  the  heavier  with  the  finer  materiaL 

The  mill  has  now  been  working  twelve  hours,  or  one  half  the  time 
that  constitutes  a  '^  clean  up,"  and  the  water  having  been  ''  spun  off,"  it 
is  now  ready  for  the  second  series  of  charges,  which  is  divided  into  three 
periods  as  before  described.  The  next  twelve  hours  are  a  repetition  in 
details  of  the  preceding  twelve ;  the  only  difference  being  that  the  charges 
are  not  so  heavy,  while  the  first  series  represents  5  quintals,  the  second 
series  consists  of  but  2^  quintals ;  the  total  in  twenty-four  hours  being 
7^  quintals,  dry  weighty  of  stuff  treated  per  mill. 

The  following  abstract  statement  distinguishes  the  various  operations 
connected  with  the  working  of  a  charge,  and  gives  the  time  when  the 
speed  of  the  mill  is  changed,  also  when  delivery  of  mercury  to  the  charge 
is  made.  It  is  assumed  that  the  mill  has  been  cleaned  up  at  two,  and  re- 
started with  a  fresh  charge  of  stuff  at  three  o'clock  iu  the  afternoon: — 

First  Operation, 

Time.  Total  Time. 

3.0  P.ID. — Ist  ohaxge — Speed,  12  reroli.  per  miD.^6  inches  of  water  in  mill 

2d     do.         do.     12  do.  8tol0inohes    do. 

Sd     do.         do.     12  do.  do.  do.  >6houn. 

7.0  p.m.    do.    do.         do.      8  do.  do.  do. 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

da 

do. 

!■ 

IB.) 


8.0  p.m.    dok    dOb         do.      8  do.  Menmry  added  to  chaige 

9.0  p.m.    do.    do.  do.       6  do: 

11.30  p.m.  do.    do.  do.       5  do.  Water  increased  to  18  ins. 

1.30  a.m.  do.    da  do.      5  do.  *'Spi]ming/'or6inohesof  }>6hoarB. 

top  water  drawn  off 

Second  Operation. 

2.0  a.m. — 1st  charge — Speed,  12  revols.  per  min. — 12  inches  of  water  in  mill  ^ 
2d     do.         do.     12  do.  Water  slightly  increased 

if  necessary 
3d     do.  do.     12  do..  do. 

6.0  a.m.    do.    do.  do.       8  do.  12  or  more  inches  of  water  I  ^^^^^^^^ 

in  mill  ^ 

8.0  a.  m.    do.    do.  do.       6  do.  do. 

10.30  a.m.  do.    do.  do.       5  do.  Water  increased  to  18  ins. 

1.0  p.m.    do.    do.         do.      5  do.  "Spinning,"or  6inchesof  I 

top  water  drawn  off       / 
2.0  p.m.  do.       Mill  cleaned  up  and  amalgam  coUeoted— total  time, 

24  hours. 

It  will  be  observed  that  although  the  operation  includes  two  series 
of  charges,  mercury  is  only  added  once,  at  the  end  of  the  fifth  hour. 
Clean  water  is  brought  into  the  mill  by  a  supply-pipe  running  the  length 
of  the  house.  This  pipe  is  provided  with  cocks,  one  for  each  mill.  To 
effect  the  clean-up  of  a  mill,  the  hemp  plug  is  removed  from  the  hole  in  the 
bed  and  the  contents  are  run  into  a  launder  beneath  it  and  thence  to  the 
amalgam  trough,  from  which  they  are  subsequently  removed  in  bowls.  In 
the  upper  fioor  of  the  mill-house  a  tramway  is  laid,  over  which  the  stuff  is 
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brought  direct  from  the  crusher  and  tipped  into  the  store-hoppers.  Of 
these  hoppers  there  is  one  to  each  mill  having  a  capacity  of  two  tons 
weight.  A  short  launder  carries  the  ore  from  the  hopper  into  the  bed  of 
the  mill,  the  weight  of  charge  being  regulated  by  a  small  door  and  lever. 
Large  troughs  are  employed  for  receiving  the  tailings,  and,  when  full, 
are  cleaned  out  The  slime  is  re-treated  in  the  mill,  a  little  clean  quartz 
being  sometimes  added  to  assist  in  reducing  the  finer  grains.  The  tail- 
ings only  remain  in  the  mill  twelve  hours,  when  they  are  removed,  and 
the  mill  is  re-chaiged. 

The  mill-beds  are  of  gneiss,  this  being  the  best  rock  procurable  in  tiie 
district  for  that  purpose.  The  gneiss  is,  however,  at  times  almost  granitic. 
The  bed  consists  of  from  six  to  eight  stones.  The  upper  surfaces  and 
end-joints  are  worked  ofif  level  with  the  chisel,  the  remainder  of  the 
stone  being  roughly  trimmed 

In  forming  a  mill-bed  great  care  is  taken  that  the  upper  surface  is 
perfectly  level.  The  space  between  the  joints  is  filled  with  hydraulic 
cement,  while  the  space  between  the  outer  tubbing  and  the  circumference 
of  the  bed  is  filled  with  sand  to  within  3  or  4  inches  of  the  top,  when 
hydraulic  cement  is  added  to  complete  the  surface.  An  ordinary  mill-bed 
lasts  about  ten  montha  The  mill-runners  or  mullers  are  made  from  the 
hardest  close-grained  gneissic  rock  obtainable,  since  it  is  found  that  the 
crushing  is  more  satisfactorily  performed  when  hard  runners  are  used 
The  front  part  of  each  runner  is  under-cut,  so  as  to  catch  the  stuff  for 
grinding.     A  set  of  four  runners  last  from  six  to  eight  weeks. 

The  auriferous  stone  is  very  compact,  a  greater  or  less  quantity  of 
hard  quartz  always  occurring  with  the  pyrites,  and  the  free  gold  is  veiy 
finely  divided.  The  reason,  probably,  that  the  Francf ort  mill  gives  such 
high  results,  is  that  the  stuff  being  confined  and  in  constant  movement 
under  pressure  continually  presents  fresh  surfaces  to  the  runners,  and 
the  gold  comes  more  continually  into  direct  contact  with  the  mercory 
than  is  possible  either  in  battery  or  in  plate  amalgamation. 

The  following  statistics  are  from  actual  results  obtained  at  the  Pesta- 
rena  and  Val  Toppa  Mines  : — 


Mines. 

No.  of 

fVancfort 

Milla. 

No.  of 
Metric 
Tons  of 

Stuff 
Reduced. 

1 

Produce  of 

Fine  Gold 

determined  by 

Stated  ¥on. 

Extracted  l7y 

the  Francf  ort 

Mill  perStetute 

Ton. 

Fn>portion 
ofYotal 

Gold 
obUined 

by  the  Mill. 

LOMCf 

Mereoiy 

Meuie 
Ton. 

Peetarena . 
Val  Toppa. 

2d 

450-500 
600 

Oz. 

Dwte 
12 

6 

Qn. 
7i 

... 

Oz. 

Dwta 
10 

5 

Percent. 
82J 

81A 

174-5 

Combined  Pan  Amalgamation  and  Conobntration. 

When  an  ore  contains  a  notable  amount  of  both  gold  and  silver,  tiie 
Washoe  process  of  amalgamation,  combined  with  some  form  of  mechanical 
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concentration,  may  often  be  advantageously  employed  This  method  is 
adopted  at  one  of  the  principal  mines  in  America  where  the  yein-quartz 
includes  free  gold,  in  an  exceedingly  fine  state  of  division,  combined 
with  blue  and  green  carbonates  of  copper,  and  sulphides  of  silver,  lead, 
antimony,  and  copper.  The  assay  value  of  the  ore  has  averaged  gold 
80s.  and  silver  558.  per  ton,  while  the  pulp  from  the  settlers  after  pan 
amalgamation  contained  gold  14s.  and  silver  22s.  per  ton.  The  gold 
obtained  in  the  mill  averaged  82*5  per  cent,  and  the  silver  60  per  cent, 
of  the  assay  value.  The  mill  contains  two  stone-breakers,  fifty  heads  of 
stamps,  each  head  weighing  850  lbs.,  twenty-four  Frue  vanners,  twenty- 
four  pans,  twelve  settlers,  and  five  tailings  pans.  The  drop  of  each  stamp 
head  is  about  7  inches,  the  number  of  drops  per  minute,  90.  The  screens, 
4  feet  long  and  15  inches  deep,  are  perforated  with  900  holes  per  square 
inch.  The  weight  of  ore  reduced  per  twenty-four  hours  is  about  105 
tons  or  2  tons  per  head.  The  pans  are  5|^  feet  in  diameter,  and  2  feet  9 
inches  deep;  the  speed  of  the  grinding  mullers  of  these  pans  is  70 
revolutions  per  minute.  The  settlers,  B^  feet  in  diameter  and  3  feet 
deep,  are  fitted  with  agitators  which  make  16  revolutions  per  minute. 

The  treatment  of  ^e  ore  is  as  follows : — It  is  brought  from  the  mine 
and  passed  over  grizzlies  or  inclined  screens,  which  separate  fragments 
varying  from  impalpable  powder  up  to  l|-inch  cubes  from  the  larger 
pieces,  which  pass  to  the  stone-breaker,  and  when  reduced  in  size,  together 
with  the  product  from  the  grizzlies,  drop  into  hoppers,  whence  they  are 
delivered  to  the  mortar-bozes  by  automatic  feeders.  In  the  mortar-box 
the  fragments  of  ore  are  reduced  so  as  to  pass  through  screen-holes  about 
^^  inch  in  diameter.  A  sample  of  the  pulp  passed  through  a  series  of 
fine  meshed  screens  gave  by  weight  the  following  proportionate  quan- 
tities : — 


Ko.  of  HoIm  per 
Bqoarslnoh. 

Approxlinate  Art 
ofMMh. 

900 

•022  iq.  inch. 

1,500 

•016      „ 

2,200 

•018      „ 

8,000 

•Oil      „ 

5,000 

•0085    „ 

10,000 

•0086    „ 

14,400 

•0046    „ 

22,500 

•0035    „ 

Stuff  paased  through 

Batainedln 

Ueva. 

•70  per  cent. 

4-66 

fi 

1212 

tf 

5-89 

»» 

18-84 

II 

18-61 

II 

9-09 

II 

6-86 

1* 

29-72 

tt 

99-99        „ 

The  pulp  from  the  screens,  without  classification  into  grains  of  specific 
dimensions,  is  passed  over  Frue  vanners,  of  which  there  are  two  to  each 
set  of  five  heads  of  stamps,  by  which  concentrates  varying  in  value  from 
XlOO  to  £200  per  ton  of  2,000  lbs.  are  obtained  for  smelting,  as  well  as 
tailings  for  the  amalgamating  pans.  These  pans  are  charged,  worked, 
and  discharged  every  six  hours.  A  charge  consists  of  about  3,500  lbs.  of 
pulp,  60  to  70  lbs.  of  quicksilver,  and  small  quantities  of  sulphate  of  copper 
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and  sulphuric  acid.  The  chaige  Lb  heated  direct  by  live  steam,  with  the 
view  of  quickening  the  process  and  aiding  in  the  extraction  of  bullion. 
From  the  pans  the  chaige  is  passed  to  the  settlers,  where  a  separation  of 
the  pulp  from  the  amalgam  is  effected,  and  from  the  settlers  ^e  pulp  is 
a  second  time  concentrated  in  twelve  other  Frue  vannera.  The  amalgam 
is  sent  to  the  clean-up  pan  and  subsequently  strained  in  order  to  get  lid 
of  the  free  mercury,  and  to  obtain  a  hard  amalgam  for  the  retort  The 
concentrates  are  sold  to  smelterai  The  weight  and  cost  of  chemicals  con- 
sumed per  ton  of  ore,  as  well  as  the  cost  of  milling,  may  be  given  appiozi' 
mately  as  follows : — 


Chemioali  Goniumod. 


QnicksilTer  . 
Salt,  at  948.  per  ton 
Sulphate  of  copper 
Sulphuric  add     • 


Weight. 


Founds  per 

20001be.of 

Or*. 


Percent^ 
of  Oro. 


1-39 

45-29 

2-09 

0-50 


0-07 
2-26 
0-10 

o-os 


Total  value  of  chemicals  consumed 
Firewood,  at  17b.  9d.  per  cord 

Other  stores 

Pay  roU,  at  14s.  per  day  per  man    . 

Salaries 

Qeneral  charges 

Sundries 


Value. 


ATengeCost 


Per  £90  Value    p^  t^nttn  n-  «* 
ofBuUlon       oI^S^^Ih 
obtained.         Ore  Stamped. 


«.  d. 

10  8 

10  4 

2  8 

0  6i 


23    9} 

15    6 

18    3 

34    6 

3  10 

0    8| 

0  11 


7 
7 

14 


6    0 

3  10 

4  7 
8    7 
0  lU 
0    2 
0    3 


97    6 


24    4i 


Chlobination  Pboobbs. 

This  method,  originally  introduced  by  the  late  Professor  C.  F.  Piatt- 
ner  of  Freiberg  for  the  extraction  of  a  minute  quantity  of  gold  from  the 
arsenical  pyrites  of  Keichenstein  in  Silesia,  is  based  on  the  fact  that 
chlorine  gas  transforms  gold  into  auric  chloridci  which  is  soluble  in  water, 
without  materially  attacking  the  metallic  oxides  with  which  it  may  be 
associated.  From  the  chloride  solution  thus  obtained^  gold  may  be  pre- 
cipitated, either  in  the  metallic  form,  by  iron,  copper,  or  a  solution  of 
ferrous  sulphate ;  or  as  sulphide  by  sulphuretted  hydrogen.  No  metallic 
sulphides  or  arseuides  must,  however,  be  present,  as  these  substances 
would  be  transformed  into  chlorides,  causing  an  unnecessary  expenditure 
of  chlorine.  The  presence  of  sulphur  is  also  ii^urious  from  giving  rise  to 
the  production  of  chloride  of  sulphur,  which,  in  the  piesence  of  water, 
becomes  transformed  into  hydrochloric  and  sulphurous  acids,  when  a  certain 
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amount  of  the  metallic  oxides  is  dissolved.  The  whole  of  the  sulphur 
must^  therefore,  be  expelled  by  careful  roasting,  while  the  iron  is,  at  the 
same  time,  converted  into  peroxide.  The  chlorine  employed  should  also 
be  free  from  hydrochloric  acid. 

In  California,  the  extraction  of  gold  from  auriferous  pyrites  by  the 
chlorination  process  is  conducted  in  the  following  manner : — 

The  concentrated  tailings  are  roasted  in  a  reverberatory  furnace, 
until  no  further  smell  of  sulphur  is  perceptible,  a  little  charcoal  being 
sometimes  introduced  towards  the  close  of  the  operation  for  the  purpose 
of  decomposing  any  sulphates  or  arsenical  salts  that  may  have  been  pro- 
duced. This  roasting  is  effected  at  a  low  temperature  in  order  to  avoid 
agglomeration  of  the  ore,  and,  at  the  expiration  of  from  six  to  eight 
hours,  the  chaige  is  withdrawn  and  spread  on  the  floor  to  cooL  When 
sufficiently  cold  it  is  repeatedly  turned  and  sprinkled  with  water,  so  that 
it  may  become  regularly  moistened  throughout  The  success  of  the  sub- 
sequent operation  depends,  in  no  small  degree,  on  the  amount  of  water 
thus  added,  and  the  uniformity  of  its  mixture  with  the  ore.  After  having 
been  properly  moistened,  the  roasted  pyrites  is  charged  into  large  wooden 
tubs,  7  feet  in  diameter  and  2  feet  6  inches  in  depth.  These  are  pro- 
vided with  perforated  false  bottoms,  beneath  which  the  chlorine  is  intro- 
duced, and  thence  ascends  through  the  damp  and  finely  divided  auriferous 
ferric  oxide,  which  ultimately  becomes  permeated  by  the  gaa  The  chlorine 
is  produced  from  a  mixture  of  common  salt,  peroxide  of  manganese,  and 
sulphuric  acid,  contained  in  a  leaden  generator,  which  communicates  with 
the  space  beneath  the  false  bottom,  by  means  of  a  lead  pipe.  There  is 
also  a  plug-hole  in  the  bottom  of  each  tub  for  the  purpose  of  draining  off 
the  auriferous  solution  obtained.  After  being  charged  with  moistened 
ore  each  tub  is  closely  covered  by  a  wooden  lid,  and  chlorine  is  introduced 
beneath  the  false  bottom.  At  ike  expiration  of  some  hours,  the  whole 
mass  has  become  strongly  penetrated  by  chlorine,  which,  as  a  greenish 
gas^  lies  heavily  above  the  tailinga  In  this  condition  the  tub  and  its 
contents  are  allowed  to  remain  from  ten  to  fifteen  hours,  at  the  expiration 
of  which  period,  the  cover  is  removed  and  clean  water  introduced.  As 
soon  as  the  water  has  risen  to  the  surface  of  the  charge,  the  plug-hole  at 
the  bottom  is  opened,  and  the  water  containing  the  dissolved  chloride  of 
gold  is  run  off  into  glass  carboy&  The  gold  is  subsequently  precipitated 
in  the  metallic  form  by  the  addition  of  ferrous  sulphate,  and  forms  a 
brownish-black  deposit  on  the  bottom  of  the  carboys;  this  reaction  is 
expressed  by  the  following  equation : 

2Au01j  +6reS04  =  Aua  +  FejCl^  +  2Fe2(S04)t. 

The  precipitated  gold  thus  obtained  is  collected  on  filters,  dried,  and 
afterwards  fused  with  borax  in  black-lead  crucibles.  The  ingots  prepared 
in  this  way  are  usually  995  fine.  When  the  gold  is  in  a  finely  divided 
state  this  process  affords  satisfactory  results ;  but  the  larger  particles  of 
metal  not  being  completely  dissolved  in  the  time  necessary  for  the 
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solntion  of  the  smaller  ones,  a  loss  must  necessarily  lesnlt  unless  the  time 
during  which  the  ores  are  exposed  to  the  action  of  chlorine  is  sufficiently 
prolonged  to  effect  the  solution  of  the  laigest  grains  of  gold  present 

It  follows  that  the  chlorination  process  is  most  advantageously 
applied  to  ores  in  which  the  precious  metal  is  uniformly  and  finely 
divided*  Any  silver  that  may  have  been  present  in  the  original  sulphides, 
as  well  as  that  constantly  alloyed  with  the  gold,  is  by  this  process  con- 
verted into  chloride  of  silver,  which  is  insoluble  in  the  auriferous  solution, 
and  therefore  remains  with  the  residues  in  the  tubs. 

Mr.  H.  R  Cassel  proposes  to  obtain  chlorine  for  the  treatment  of 
gold  ores  by  the  electrolysis  of  common  salt  in  the  presence  of  the  ore 
instead  of  preparing  it  in  a  separate  generator. 

Methods  for  Smeltino  Gold  Obks. 

Auriferous  minerals  unsuited  for  amalgamation  are  generally  smelted 
with  iron  pyrites,  copper,  or  lead  ores,  the  gold  being  ultimately  concen- 
trated in  metallic  copper  or  silver,  from  which  it  is  finally  separated  by  one 
of  the  methods  of  parting  described  subsequently.  In  other  respects  the 
order  of  the  operation  is  the  same  as  in  smelting  ordinary  copper,  lead, 
or  silver  ores. 

Gold  alloys  readily  with  iron,  a  property  that  was  formerly  utilised 
to  a  small  extent  in  the  treatment  of  black  sand  obtained  in  the  alluvial 
gold  washings  of  the  Ural.  This  consists  chiefly  of  magnetite,  and  when 
smelted  with  the  necessary  fluxes  and  charcoal  gave  an  auriferous  cast- 
iron,  from  which  the  gold  was  recovered  by  dissolving  it  in  sulphuric 
acid. 

In  Parkes's  process  of  desilverizing,  copper  and  gold,  if  present  in 
lead,  are  almost  entirely  removed  by  the  zinc  first  added;  so  that  if 
the  first  zinc  skimmings  are  treated  apart,  a  minute  quantity  of  gold  may 
be  sufficiently  concentrated  in  the  silver  obtained  to  render  the  latter 
worth  parting. 

At  Ofienbanya  and  Zalathna  in  Transylvania,  auriferous  pyrites, 
containing  a  little  copper  and  from  11  to  24  ounces  of  auriferous  silver 
per  ton,  has  since  1876  been  treated  by  the  following  combination  of 
smelting  and  extracting  processes : — 

1.  The  ores,  partly  in  lumps  and  partly  in  a  finely  divided  state, 
are  roasted,  the  sulphur  gases  being  coUected  and  converted  into  sul- 
phuric acid 

2.  The  roasted  ores  are  smelted  with  quartz  flux  for  coarse  metal, 
which  is  essentially  ferrous  sulphide,  containing  sulphur  28-7,  iron  69*6, 
and  copper  0*6  per  cent,  and  is  ground  to  a  fine  powden 

3.  The  pulverized  coarse  metal  is  digested  with  dilute  sulphuric  add 
in  closed  wooden  vessels  lined  with  lead  for  twelve  hours,  when  about 
half  the  iron  is  converted  into  ferrous  sulphate,  while  the  inaokible 
residue^  amounting,  to  about  one-fourth  of  the  charge,  is  proportionately 
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enriched,  and  contains  3|  per  cent,  of  copper  and  60  to  80  ounces  of 
gold  and  silver  per  ton.  The  acid  liquor  is  treated  for  ferrous  sulphate, 
and  the  sulphuretted  hydrogen  is  mixed  with  sulphur-dioxide  in  order  to 
recover  the  sulphur. 

4.  The  extracted  residues  are  smelted  with  various  additions,  such  as 
rich  ores,  raw  regulus,  litharge,  and  other  lead  products,  in  a  small  blast- 
furnace, producing  lead  with  about  40  ounces  of  auriferous  silver  per  ton 
and  some  regulu&  The  lead  is  refined  in  the  usual  way,  and  the  regulus 
is  subjected  to  a  second  extraction  with  sulphuric  acid,  and  a  series  of 
concentrating  and  desilverizing  fusions,  until  it  is  enriched  to  about  25 
per  cent,  of  copper. 

5.  The  copper  regulus  is  digested  in  a  cast-iron  pot  with  heated 
strong  sulphuric  acid,  leaving  a  residue  consisting  chiefly  of  lead  and 
copper,  with  some  silver  and  gold,  which  is  returned  to  the  lead-furnaces. 
The  acid  liquor  is  run  over  copper-plates  to  decompose  silver  sulphate, 
and  when  clarified  is  either  crystallized  for  blue  vitriol  or  treated  with 
iron  to  obtain  cement  copper. 

Extraction  op  Silvbr  and  Gold  fkom  Copper. — Small  quantities 
of  gold  and  silver  may  be  separated  from  copper  by  means  of  sulphuric 
acid,  cupric  sulphate  being  produced  while  the  precious  metals  remain 
in  the  insoluble  residues;  but  for  the  success  of  the  operation  it  is 
necessary  to  use  the  acid  in  a  diluted  state,  as  when  strong  it  has  no 
action  upon  copper.  It  is  also  necessary  to  oxidize  the  metal  either  by 
a  preliminary  roasting  or  by  moist  air,  so  that  the  acid  may  be  entirely 
used  in  dissolving  cupric  oxide  and  not  wasted  in  the  formation  of 
sulphur  dioxide.  The  first  method  was  formerly  practised  in  Colorado 
in  the  treatment  of  auriferous  copper  bottoms  (p.  732),^  which  were 
liquated  to  remove  lead  and  then  refined  by  oxidation  until  the  whole 
of  the  sulphur  was  removed,  when  it  was  granulated  by  casting  it  into 
cold  water.  The  granules  were  afterwards  exposed  in  a  calciner  to  a 
strong  red  heat  for  thirty-six  hours,  and  became  entirely  converted  into  a 
mixture  of  cupric  and  cuprous  oxides,  which  was  powdered  and  dissolved 
in  weak  sulphuric  acid.  The  residues,  when  cleared  from  the  vitriol 
liquors  and  melted  in  plumbago  crucibles,  gave  a  mixed  bullion  of  600 
to  800  fine,  containing  about  two  parts  of  gold  to  one  of  silver,  which 
was  sent  to  the  Mint  refinery. 

The  second  method  of  dissolving  copper,  by  the  joint  action  of  air 
and  sulphuric  acid,  known  as  vttriolizing,  is  used  at  Oker,  in  the  Lower 
Harz,  where  it  was  introduced  in  1858  as  a  substitute  for  liquation  in 
the  treatment  of  copper  containing  gold  and  silver  that  could  not  be 
refined  to  advantage. 

The  following  notice  of  this  process  ^  is  condensed  from  the  descrip- 

^  '  ProceedingB  of  the  American  Institute  of  Mining  Engineers,'  vol.  iv.  p.  297. 
'  For  fuller  details  see  'Zeitschrift  fUr  Berg-  Htttten-  u.  Salinenwesen/  vol.  zxv.  p. 
163. 
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tion  contributed  to  the  preceding  edition  of  this  work  by  Professor  F. 
Ulrich,  formerly  of  Oker  but  now  of  Hanover. 

The  copper  produced  at  Oker  is  of  two  kinds:  one  being  of  good 
quality  and  poor  in  silver  ia  refined  and  sold  as  rosette  copper;  while 
the  other,  which  contains,  in  addition  to  gold  and  silver,  various 
impurities  prejudicial  to  its  use  as  metal,  is  converted  into  vitriol,  and 
the  precious  metals  are  removed  from  the  insoluble  residues  in  the 
following  manner : — 

The  metal,  in  the  state  of  black  copper  containing  about  50  ounces 
of  silver  per  ton,  is  granulated  and  placed  in  large  wooden  tubs  lined 
with  thick  sheet-lead.  On  the  perforated  false  bottom  of  the  tub  is 
first  laid  a  layer,  6  inches  in  thickness,  of  large  fragments  of  copper, 
and  upon  this  is  placed  the  granulated  metal  to  a  depth  of  3  feet  6  inches, 
which  is  then  moistened  with  warm  dilute  sulphuric  acid  and  exposed  to 
the  air.  Oxidation  of  the  copper  rapidly  takes  place,  and  the  granules 
become  covered  with  a  dark  film.  A  fresh  supply  of  warm  dilute 
sulphuric  acid  is  now  added,  by  which  the  sulphate  formed  is  dissolved. 
From  a  hole  in  the  bottom  of  the  tub  the  acid  solution  of  sulphate  of 
copper  runs  into  a  slightly-inclined  lead-lined  gutter,  about  160  feet 
long,  where  it  becomes  sufi^ciently  cooled  to  deposit  nearly  the  whole 
of  the  dissolved  sulphate  in  small  irregular  crystals.  The  mother  liquois, 
which  are  nearly  free  from  copper  but  contain  a  large  amount  of 
sulphuric  acid,  are  collected  in  a  closed  reservoir,  and  blown  by  an  injector 
into  a  lead-lined  cistern,  where  they  are  re-heated  by  steam,  and  returned 
by  a  syphon  to  the  tubs  containing  the  granulated  copper  as  required. 
The  density  of  the  liquors  is  30°  Baum^  and  they  are  heated  to  from 
87^  to  lOO"*  G.  Each  time  the  liquors  are  run  off,  the  copper  is 
exposed  during  fifteen'  minutes,  for  the  purpose  of  oxidation,  and 
sulphuric  acid  is  run  on  until  the  copper  has  regained  its  bright  metallic 
appearance. 

When  the  crystallized  deposit  in  the  gutter  has  attained  a  thickness 
of  about  3  inches,  it  is  removed  by  copper  chisels  and  thrown  upon  an 
inclined  plane,  from  which  the  adhering  liquors  drain  back  into  the  gutter. 
This  crude  sulphate  of  copper  is  taken  to  leaden  boiling  pans,  12  feet  in 
length,  11  feet  in  width,  and  2^  feet  in  depth,  where  it  is  dissolved,  either 
in  water  or  in  weak  acid  liquors.  The  quantity  of  liquid  is  so  regulated 
that  a  solution  is  obtained  which,  at  87°  C,  has  a  density  of  30°  Baumd. 

This  solution  is  allowed  to  settle  during  twelve  hours,  care  being 
taken  to  avoid,  as  far  as  possible,  any  decrease  of  temperatur&  At  the 
expiration  of  this  time  the  liquor,  which  is  perfectly  dear,  is  run  into 
crystallizing  pans,  10  feet  long,  5  feet  wide,  and  4  feet  deep,  in  which 
are  hung  numerous  strips  of  lead.  On  these,  in  the  course  of  from  twelve 
to  fourteen  days,  are  formed  large  crystals  of  sulphate  of  copper,  which 
are  subsequently  removed  and  packed  for  the  market. 

The  mud,  containing  the  silver  and  gold,  which  settles  in  the  boiling 
pans,  is  taken  out  and  mixed  with  lithai^e.    This  mixture  is  smelted  for 


GOLD.  803 

leail,  and  the  quantity  of  litharge  is  so  regulated  that  the  resulting  alloy 
shall  contain  ahout  2  per  cent,  of  silver.  The  lead  thus  obtained  is  passed 
to  the  refinery,  and  affords  silver  containing  from  1*5  to  1*7  per  cent,  of 
gold. 

The  loss  of  lead  is  8 '4  per  cent.,  and  the  silver  obtained  slightly  ex- 
ceeds the  amount  indicated  by  assay.  * 

One  part  of  granulated  copper  requires  2'i  parts  it&  weight  of 
acid  of  30**  Baum^  to  dissolve  it,  and  produces  3  8  parts  of  sulphate. 
A  set  of  six  dissolving  tubs,  two  pans,  and  twenty-four  crystallizers 
is  required  to  produce  30  cwts.  of  crystals  of  blue  vitriol  in  twenty-four 
hours. 

Parting  op  Gold  from  Silver. 

The  separation  of  gold  from  silver  on  the  larger  scale  is  now  generally 
effected  by  sulphuric  acid,  which  is  cheaper  than  nitric  acid,  and  does 
not  require  expensive  platinum  or  porcelain  vessels,  the  operation  being 
performed  in  cast-iron  pots.  In  order  that  the  alloy  may  be  completely 
attacked,  it  should  not  contain  more  than  35  per  cent  of  gold,  and  from 
the  slight  solubility  of  sulphate  of  copper  in  strong  sulphuric  acid,  it  is  of 
importance  that  it  should  not  contain  beyond  10  per  cent  of  copper. 

The  alloy,  after  the  additions  necessary  to  bring  it  to  the  proper 
standard  have  been  made,  is  melted  either  in  large  crucibles  or  in  a 
reverberatory  furnace,  and  granulated  by  being  poured  into  water.  The 
granulated  metal,  in  charges  of  2  to  5  cwts.,  is  placed,  with  2^  times  its 
weight  of  sulphuric  acid  of  sp.  gr.  1*840,  in  cast-iron  pots,  which  are 
heated  to  ebullition  by  a  fire  beneath.  The  sulphuric  acid  under  these 
circumstances  acts  rapidly  on  the  metal,  sulphate  of  silver  is  formed,  and 
sulphurous  anhydride  evolved ;  this  is  conducted  by  a  leaden  dome,  con- 
nected with  a  well  drawing  chimney,  placed  over  each  pot  during  the 
time  the  attack  is  being  made,  into  a  chamber,  where  it  is  reconverted 
into  sulphuric  acid.  At  the  expiration  of  four  hours  the  attack  is 
completed,  and  a  certain  quantity  of  sulphuric  acid  of  the  sp.  gr.  1'69, 
obtained  by  the  concentration  of  the  acid  mother  liquors  from  the 
crystallization  of  sulphate  of  copper,  is  added,  and  boiled  during  a 
few  minutes,  when  the  fire  is  withdrawn  from  beneath  the  pots,  and  the 
liquors  are  diluted  and  allowed  to  stand,  in  order  that  the  finely  divided 
gold  may  be  deposited  on  the  bottom.  When  the  supernatant  liquor  has 
become  clear,  it  is  drawn  off  by  a  syphon  into  lead-lined  evaporators, 
heated  by  steam-pipes,  and  partially  filled  with  mother  liquors  remaining 
from  the  crystallization  of  sulphate  of  copper.  The  temperature  is 
then  raised  until  the  whole  of  the  sulphate  of  silver,  which  began  to 
fall  on  cooling,  is  re-dissolved,  and  a  further  deposit  of  gold  is  obtained. 
The  liquor  is  next  syphoned  into  other  evaporators,  in  which  copper 
bars  are  suspended,  where  the  silver  is  rapidly  precipitated  in  the  form 
of  a  crystalline  powder.  In  the  course  of  a  few  hours  the  last  traces 
of  silver  sulphate  are  completely  decomposed,  and  the  metallic  deposit. 
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after  being  carefully  washed,  is  compacted  by  hydraulic  pressure  into 
rectangular  bricks,  which  are  fused  in  large  earthen  crucibles,  and  cast 
into  ingots.  The  silver  thud  obtained  contains  from  3  to  5  thousandths 
of  copper. 

The  pulverulent  gold  obtained  by  the  first  attack  still  contains  silver, 
and  is  therefore  again  subjected  to  the  action  of  strong  sulphuric  add, 
in  smaller  pots,  heated  from  beneath.  These  are  made  usually  of  cast- 
iron,  but  sometimes  of  platinum. 

It  is  then  washed,  or  "sweetened,*'  on  a  filter  with  hot  water, 
dried,  pressed,  and  melted  in  a  black-lead  crucible;  borax  and  nitze 
being  somethnes  used  to  remove  the  last  traces  of  impurities.  .Under 
favourable  conditions  the  resulting  bar  of  gold  may  be  about  996-998  fine. 

The  solution  of  copper  sulphate  produced  during  the  precipitation  of 
silver  by  copper  bars  is  evaporated  in  a  shallow  cistern  lined  with  lead, 
and  heated  by  a  series  of  steam-pipes  laid  in  zigzag  across  the  bottom. 
When  the  liquors  have  in  this  way  been  sufficiently  concentrated,  thej 
are  syphoned  off  into  large  tubs  lined  with  lead  and  bound  with  copper 
or  wooden  hoops,  as,  from  the  readiness  vrith  which  sulphate  of  copper 
acts  on  iron,  bands  of  this  metal  would  be  rapidly  attacked  by  the  liquor 
accidentally  spilt  over  the  sides  of  the  vessels.  After  having  been  filled, 
these  tubs  are  closely  covered  to  prevent  their  too  rapid  cooling,  and, 
after  the  expiration  of  about  ten  days,  the  mother  liquors  are  drawn  ofi^ 
and  the  crystals  of  sulphate  of  copper  adhering  to  the  sides  carefully  re- 
moved. These  mother  liquors,  when  again  concentrated,  yield  a  further 
supply  of  crystallized  salt,  after  which  they  are  set  aside,  to  be  employed 
in  place  of  sulphuric  acid,  as  already  described. 

When  sulphate  of  copper  of  superior  purity  is  required,  the  crystals 
first  obtained  are  sometimes  subjected  to  a  second  crystallization,  bat  in 
the  mcgority  of  cases  they  are  merely  washed  on  a  wicker  sieve,  and 
after  being  allowed  to  drain  in  a  large  leaden  cullender,  are  packed  in 
strong  casks  for  the  market. 

From  the  economy  with  which  this  process  is  conducted,  and  the 
comparatively  low  price  of  sulphuric  acid,  it  sometimes  admits  of  being 
advantageously  applied  to  the  refining  of  silver  containing  0*0005  onlj 
of  gold. 

At  Oker  gold  is  refined  by  sulphuric  acid  in  porcelain  vessels,  which 
are  protected  with  a  wire  network  and  day  covering,  and  are  heated  in 
sand  baths.  They  are  cleanly  in  use,  but  require  very  careful  handling, 
and  are  only  suited  for  small  charges  (28  lbs.  at  one  time).  The  gdd 
obtained  is  985  fine. 

The  parting  of  gold  and  silver  may  be  effected  by  the  use  of  nitdc 
acid,  but  when  the  resulting  nitrate  of  silver  cannot  be  advantageously 
utilized,  it  must  be  converted  into  chloride  before  it  can  be  reduced 
by  metallic  copper. 

In  the  United  States'  Mint  refineries  so-called  double-parting  pro- 
cesses are  used.     The  bullion,  which  is  so  mixed  as  to  contain  100/285 
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of  gold,  is  granulated  and  heated  first  with  nitric  acid  in  glazed  earthen- 
ware jars,  which  removes  the  silver  to  within  6  per  cent.,  and  subse- 
quently is  twice  boiled  with  sulphuric  acid  in  three-legged  cast-iron  pots, 
giving  a  gold  of  998-999  fine.  The  silver  salt  is  converted  into  chloride 
and  reduced  by  granulated  zina 

In  America,  it  is  also  customary  to  dissolve  dord  silver  in  bars  without 
previous  granulation,  which  is  found  not  only  to  facilitate  the  regular 
action  of  the  acid,  but  also  to  give  a  coarser  gold  that  is  more  easily 
washed  than  that  from  granulated  metal.  The  reduction  of  sulphate  of 
silver  may  also  be  effected  by  scrap  iron  or  ferrous  sulphate ;  the  former 
reagent  is  used  at  Frankfort  and  Lautenthal,  and  the  latter  at  San 
Francisco.  By  adding  scrap  iron  to  the  liquors,  in  the  second  case,  the 
ferric  sulphate  contained  is  reduced  to  ferrous  sulphate,  and  may  be  used 
for  precipitating  fresh  quantities  of  silver. 

Preparation  of  Purb  Gold. 

Gold  of  extremely  high  fineness  cannot  be  obtained  by  sulphuric 
acid  parting  alone.  When  the  washed  gold  from  the  second  boiling  is 
heated  with  bisulphate  of  sodium,  silver  may  be  removed  to  within  2 
or  3  thousandths,  but  platinum  when  present  is  not  sensibly  attacked 
by  sulphuric  acid,  although  it  may  be  partially  removed  if  nitric  acid 
is  used  at  first,  or  if  the  gold  from  the  bisulphate  treatment  is  fused 
with  nitrate  of  sodium  or  potassium.  When  gold  is  required  of  absolute 
purity,  or  as  near  an  approach  to  it  as  can  be  got,  as  for  example  for 
•use  in  check  assaying,  a  quantity  of  assay  cornets  or  other  kinds  of 
parted  gold  is  dissolved  in  aqua  regia,  and  after  removal  of  excess  of 
acidy  potassium  chloride  and  alcohol  are  added  to  precipitate  platinum. 
The  auric  chloride  is  dissolved  in  a  very  large  quantity  of  water  and 
left  at  rest  for  a  considerable  time,  that  the  chloride  of  silver  existing 
in  the  form  of  suspended  particles  may  subside.  The  clear  liquor  is 
then  syphoned  off,  and  the  gold  is  precipitated  by  a  solution  of  ferrous 
sulphate  or  oxalic  acid,  or  by  a  current  of  gaseous  sulphur  dioxide. 
The  last  of  these  reagents  is  probably  the  safest,  when  it  is  desired  to 
prevent  the  possibility  of  contamination  by  foreign  metals,  but  liquid 
precipitants  are  more  convenient.  Mr.  Eoberts-Austen,  of  the  Royal  Mint, 
has  in  this  way  obtained  gold  of  the  apparent  fineness  of  999*96 
thousandths,  using  oxalic  acid  for  precipitation.  Platiniferous  gold  may 
also  be  refined  if  it  is  cast  into  a  plate  and  used  as  the  anode  in  an 
electrolyzing  cell,  having  for  a  cathode  a  plate  of  the  purest  gold  that 
can  be  got.  The  electrolyte  is  a  neutral  solution  of  auric  chloride. 
As  the  anode  dissolves  under  the  action  of  the  current,  platinum  and 
the  allied  metals  are  set  free  and  are  collected  at  the  bottom  as  a  black 
powder.  As  the  gold  deposited  on  the  cathode  is  exactly  equivalent 
to  that  dissolved  from  the  anode  during  the  same  time,  the  strength  of 
the  solution  remains  unchanged  during  the  operation. 
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Refining  bt  Chlobine  Gas. 

This  process  was  invented  by  Mr.  F.  B.  Miller,  assajer  in  the  Sydney 
Branch  of  the  Royal  Mint,  and  is  applied  to  the  treatment  of  gold  ban 
when  the  proportion  of  silver  present  is  not  materially  in  excess  of  10 
per  cent  It  consists  in  passing  a  current  of  chlorine  gas  through  the 
gold  while  in  a  melted  stcUe,  whereby  chloride  of  silver  is  formed,  which, 
being  of  low  specific  gravity,  rises  to  the  surface  of  the  melted  gold, 
while  the  latter  remains  in  a  purified  condition  beneath. 

Chloride  of  silver  has  always  been  considered  a  somewhat  volatile 
substance,  but,  in  practice,  it  is  found  that  its  volatility  is  not  so  great 
as  might  have  been  anticipated,  and  that,  if  its  surface  is  coated  with  a 
layer  of  fused  borax,  it  may  be  kept  melted  at  a  high  temperature  with- 
out material  loss. 

The  furnace  required  for  the  operation  is  an  ordinary  12-inch  square 
gold-melting  furnace,  having  the  flue  as  near  the  top  as  possible,  so  as  to 
allow  of  the  crucible  standing  high  up  in  it  without  being  cooled  by  the 
draught,  and  of  such  a  depth  that  the  bottom  of  the  pot,  when  it  is 
placed  in  the  fire,  may  not  be  more  than  3  inches  above  the  bars. 

The  covering  of  the  furnace  should  consist  of  two  fire-tiles,  7^  inches 
wide  and  15  long,  one  of  which  should  have  a  slot  or  hole  in  ite  centre, 
for  the  clay  chlorine-pipes  to  pass  through.  An  iron  cover  will  not 
answer,  as  it  becomes  much  too  hot  for  convenient  working. 

The  crucibles  in  which  the  refining  is  performed  should  be  French 
white  fiuxing-pots ;  ordinary  black-lead  pots  will  not  answer,  owing  to 
the  reducing  action  they  exert  on  the  compounds  formed.  To  prevent 
infiltration  of  the  very  liquid  chloride  of  silver  into  the  pores  of  the  pots, 
they  are  prepared  by  filling  them  with  a  boiling  saturated  solution  of 
borax  in  water,  which  is  allowed  to  stand  for  ten  minutes,  and  then 
poured  off,  the  crucibles  being  afterwards  set  aside  to  dry.  The  borax 
forms  a  glaze  on  the  inner  surface  of  the  crucibles  when  they  become  hot 
in  the  furnace. 

When  used  for  refining,  these  French  crucibles  are  placed  within 
black-lead  pots,  as  a  precaution  against  loss,  should  the  former  crack, 
which,  however,  seldom  happens.  The  crucibles  are  covered  with 
loosely  fitting  lids,  with  the  requisite  holes  through  them  for  the  passage 
of  the  clay  chlorine-pipes,  &c*  A  pipe,  ^  inch  in  diameter,  22  inches 
long,  and  of  -^V^^^^  ^^^»  ^^  heen  found  to  answer  all  requirements. 
The  chlorine  generators  should  consist  of  the  best  glazed  stoneware  add- 
jars,  each  capable  of  holding  from  10  to  15  gallons,  and  furnished  with 
two  necks.  One  of  these  openings  should  be  stopped  with  a  vulcanized 
indiarubber  plug,  through  which  should  pass  tightly  two  glass  tubes, 
the  eduction-tube  and  the  safety-  or  pressure-tube ;  the  length  of  the 
former  being  a  few  inches,  and  of  the  latter  8  or  10  feet  The  other 
opening,  intended  for  introducing  oxide  of  manganese,  &c,  should  be 
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closed  with  a  leaden  plug,  covered'  with'  a  stout  piece  of  indiartibber, 
and  well  secured 

Each  generator  should  be  charged  with  a  layer  of  small  quartz 
pebbles,  down  nearly  to  the  bottom  of  which  the  pressure-tube  should 
extend.  On  this  layer  should  be  placed  from  70  to  100  lbs.  of  binoxide 
of  manganese,  in  grains  about  J-inch  cube,  freed  from  powder  by  sifting. 
This  quantity  will  be  sufficient  for  many  refining  operations,  and  will 
obviate  the  necessity  of  repeated  dismantling  of  the  apparatus. 

Each  generator  should  be  suspended  to  about  half  its  height  in  a  water- 
bath  of  galvanized-iron.  The  chlorine  gas  is  produced,  when  required, 
by  pouring  common  hydrochloric  acid  down  the  safety-tube,  the  apparatus 
being  warmed  by  means  of  gas-burners  beneath  the  water-baths.  The 
gas  is  conveyed  from  the  generators  by  a  leaden  pipe  fitted  with  branches 
to  supply  the  several  furnaces,  all  intermediate  connections  being  formed 
by  means  of  vulcanized  india-rubber  tubing,  which,  if  screened  from 
direct  radiation  from  the  iire,  stands  the  heat  well,  even  immediately 
over  the  furnaces. 

Screw  compression-clamps  on  the  india-rubber  tubes  give  the  means 
of  regulating  the  supply  of  gas  as  required,  and  enable  the  operator  to 
shut  it  off  entirely  as  soon  as  the  refining  is  over.  The  chlorine  then, 
having  no  means  of  escape,  accumulates  in  the  generator,  and  soon  forces 
all  the  acid  up  the  safety-tube  into  a  vessel  placed  above  to  receive  it, 
and,  the  acid  no  longer  acting  on  the  oxide  of  manganese,  the  supply  of 
gas  ceases. 

Two  such  generators,  and  three  ordinary  gold-melting  furnaces,  are 
capable  of  refining  2,000  ounces  of  gold,  containing  about  10  per  cent  of 
silver,  between  9  a.m.  and  2  p.m. 

As  soon  as  the  gold  is  melted,  from  2  to  3  ounces  of  borax  in  a  state 
of  fusion  are  poured  upon  its  surface.  If  the  borax  is  added  sooner, 
it  acts  too  much  on  the  pot ;  and,  if  thrown  in  cold,  is  liable  to  chill  the 
gold.  The  clay  pipe  which  is  to  convey  the  chlorine  to  the  bottom  of 
the  melted  gold  is  now  introduced.  At  the  moment  of  its  entering  the 
melted  gold,  the  screw  compression-clamp  is  slightly  loosened,  so  as  to 
allow  a  small  quantity  of  gas  to  pass  through  it^  and  thus  prevent  any 
metal  rising  and  setting  in  the  pipe,  which  is  then  gradually  lowered  to 
the  bottom  of  the  molten  gold,  where  it  is  kept  by  means  of  weights 
attached  to  the  top.  The  compression-tap  is  now  relaxed,  and  the  gas 
is  heard  bubbling  through  the  melted  metal,  sufficient  hydrochloric  acid 
being,  from  time  to  time,  added  to  the  generators  to  keep  up  a  rapid 
evolution  of  chlorine. 

The  column  of  liquid  in  the  safety-tube,  acting,  as  it  does,  like  a 
barometer,  affords  a  ready  means  of  knowing  the  pressure  in  the  gene- 
rator, and  of  judging  of  the  rate  of  production  of  the  gas,  as  well  as  at 
once  showing,  by  its  fall,  if  anything  irregular  has  occurred — such  as  a 
leak  or  a  crack  in  the  chlorine-pipe  or  pot.  From  16  to  18  inches  in  the 
safety-tube  correspond  to  and  balance  1  inch  of  gold  in  the  refining- 
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crucible.  When  the  chlorine  is  first  introduced  into  the  melted  gold, 
fumes  are  seen  to  pass  up  from  the  holes  in  the  crucible  lid ;  these  are 
not  chloride  of  silver,  but  volatile  chlorides  of  some  of  the  baser  metals. 
They  are  especially  dense  when  much  lead  is  present  in  the  alloy  under 
treatment,  forming  a  white  deposit  on  any  cold  substance  presented  to 
them.  After  a  time,  longer  or  shorter,  according  to  the  nature  of  the 
impurities  in  the  gold,  these  fumes  cease.  So  long  as  any  decided  quantity 
of  silver  is  present  in  the  molten  gold,  the  whole,  or  nearly  the  whole,  of 
the  chlorine  is  absorbed ;  little,  if  any,  appearing  to  escape. 

When  the  refining  is  nearly  complete,  fumes  of  a  darker  colour  than 
those  first  observed  make  their  appearance,  and  the  end  of  the  operation 
is  indicated  by  a  peculiar  flame  or  luminous  vapour  of  a  brownish-yellow 
colour,  occasioned  by  the  escape  of  free  chlorine.  This,  however,  is  not 
a  sufficient  indication :  the  process  is  not  finished  until  this  flame  im- 
parts to  a  piece  of  white  tobacco-pipe,  when  held  in  it  for  a  moment,  a 
peculiar  reddish  or  brownish-yellow  stain. 

When  these  appearances  are  observed,  which  usually  happens  in  about 
an  hour  and  a  half  after  the  introduction  of  chlorine,  the  gas  is  shut  off, 
and  the  pots  are  removed  from  the  fire ;  the  white  crucible  is  lifted  out 
of  the  black  one,  and,  together  with  its  contents,  is  allowed  to  stand 
until  the  gold  becomes  cold  enough  to  solidify.  The  chloride  of  silver, 
which  remains  liquid  much  longer,  is  then  poured  off  into  iron  moulds 
The  crucible  is  now  inverted  on  an  iron  table,  when  the  still  red  hot  gold 
falls  out  in  the  shape  of  a  cone ;  this  is  slightly  scraped,  and  then  thrown 
into  a  concentrated  solution  of  common  salt,  to  free  it  from  any  adherent 
chloride  of  silver. 

An  alloy  containing  originally  89  per  cent,  of  gold,  10  per  cent  of 
silver,  and  1  per  cent,  of  base  metals,  will  yield,  on  an  average,  a  cake  of 
chloride  weighing,  with  a  little  adherent  borax,  16  ounces  for  every  100 
ounces  operated  on. 

The  gold  is  now  fine,  and  simply  requires  casting  into  ingots. 

As  before  stated,  it  is  found  that  all  these  operations  can  readily  be 
performed,  and  2,000  ounces  refined  per  day  in  three  common  melting 
furnaces,  in  about  five  hours ;  98  per  cent,  of  the  gold  originally  contained 
in  the  alloy  operated  on  is  then  ready  for  delivery. 

The  other  2  per  cent,  remains  with  the  chloride  of  silver,  partly  in 
the  metallic  state,  and  partly  in  a  state  of  combination  with  chlorine^ 
and  probably  with  silver. 

To  free  the  chloride  of  silver  from  this  combined  gold  (that  mechani- 
cally mixed  being  eliminated  at  the  same  time),  it  is  melted  in  a  boraxed 
white  pot,  with  the  addition  of  from  8  to  10  per  cent,  of  metallic  silver, 
rolled  to  about  I  inch  thick.  The  chloride  of  gold  is  by  this  means 
reduced  at  the  expense  of  the  metallic  silver,  chloride  of  silver  being 
formed ;  while  the  liberated  gold  sinks,  and  together  with  the  excess  of 
silver,  melts  into  a  button  at  the  bottom  of  the  pot  As  soon  as  the 
whole  is  thoroughly  melted,  the  pot  is  removed  from  the  furnace,  and 
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allowed  to  stand  about  ten  minutes.  The  still  liquid  chloride  of  silver  is 
then  pouied  into  large  iron  moulds,  so  as  to  form  slabs  of  a  convenient 
thickness  for  the  next  operation,  namely,  its  reduction  to  the  metallic 
state,  by  strips  of  silver.  This  is  done  by  attaching  the  slabs  to  a  frame, 
which  is  lowered  into  a  vat  containing  another  frame  with  zinc  plates, 
so  arranged  that  the  plates  and  slabs  alternate  with  each  other,  and  form  a 
zinc  and  chloride  of  silver  battery.  Water  is  used  as  the  exciting  liquid ; 
and  when  the  two  elements  are  brought  into  connection  by  strips  of 
silver  attached  to  the  frames,  an  energetic  galvanic  action  is  set  up,  and 
in  about  24^hours  the  slab  of  chloride,  while  retaining  its  shape,  is  found 
to  be  converted  into  spongy  metallic  silver. 

The  fineness  of  the  gold  reduced  by  this  process  varies  from  991  to 
997  in  1,000  parts,  the  average  being  993*5 ;  the  remaining  6^  thousandths 
are  silver.  This  compares  favourably  with  any  of  the  previously  known 
practical  processes,  none  of  which  leave  less  silver  in  the  resulting  fine 
gold. 

The  silver  resulting  from  this  method  of  refining  is  tough,  but  its 
quality  varies  somewhat,  according  to  the  gold  originally  operated  on ; 
if  the  alloy  treated  contains  much  copper,  the  greater  part  of  this 
remains  with  the  resulting  silver,  but  the  other  metals  are  nearly  all 
eliminated. 

The  fineness  of  the  silver  hitherto  obtained  has  varied  from  918*2 
to  992-0  in  1,000  parts,  the  average  being  965-6. 

An  analysis  of  the  silver  resulting  from  refining  gold,  known 
origiQally  to  have  contained,  among  the  base  metals  in  the  alloy,  copper, 
lead,  antimony,  arsenic,  and  iron,  gave  the  following  results  : — 

Ag 972-3 

Ou 26-0 

Au 2-7 

Zn  and  Fe        .        .        .        .  traoea 


1,000-0 

Miller's  process  has  been  successfully  used  in  the  Eoyal  Mint  by  Mr. 
Boberts-Austen  for  toughening  brittle  gold. 
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In  its  pure  state,  particularly  when  refined  by  the  process  of  Deville 
and  Debray,  platinum  is  nearly  as  white  as  silver,  is  capable  of  receiving 
a  high  polish,  and  is  very  ductile  and  malleable.  Platinum  is  softer 
than  silver,  but  its  hardness  is  much  increased  by  the  presence  of  even 
a  minute  quantity  of  iridium.  It  resists  the  strongest  heat  of  a  wind- 
furnace,  but  may  be  fused  by  the  electric  current  or  by  the  oxyhydrogen 
blowpipe,  before  which  it  is  dispersed  with  scintillation.     The  melting 
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point  is  1775°  C. ;  at  1600*  C.  it  may  be  welded  like  iron.  According  to 
Deville  and  Debraj,  it  absorbs  oxygen  in  the  fused  state,  and  when 
melted  in  considerable  masses,  on  cooling,  spirts  like  silver.  Platinum 
is  one  of  the  heaviest  of  all  known  substances,  having  the  specific  gravity 
of  21 '46,  which  is  only  exceeded  by  osmium  (22*47)  and  iridium  (22*40). 
The  thermal  and  electric  conductivities  are  8*4  and  16*4  respectively 
(silver  =  100).  Platinum  is  not  oxidized  by  the  air  at  any  temperature, 
and  is  not  attacked  by  any  single  acid ;  by  aqua  regia  it  is  dissolved  with 
formation  of  platinic  chloride,  PtGl4.  It  is  also  attacked,  at  a  red  beat,  by 
acid  potassium  sulphate,  by  the  caustic  alkalies  and  by  the  alkaline  earths, 
especially  by , the  hydrates  o£  lithium  and  barium,  but  is  not  affected 
by  alkaline  carbonates,  even  when  exposed  to  their  action  at  very  high 
temperatures  A  mixture  of  nitre  and  caustic  potash  acts  with  greater 
rapidity  than  the  alkali  alone ;  and  platinum  foil,  when  heated  in  pre- 
sence of  arsenic,  sulphur,  or  phosphorus,  loses  its  malleability  and  ductility. 
When  these  bodies  are  brought,  at  a  high  temperature,  in  contact  with 
platinum  in  a  state  of  fine  division,  combination  takes  place,  and  brittle 
fusible  compounds  result  A  mixture  of  silica  and  charcoal  attacks 
platinum  at  high  temperatures,  producing  silicide  of  that  metal,  and  for 
this  reason  platinum  crucibles,  which  have  been  frequently  ignited  in  an 
open  fire,  lose  their  flexibility,  and  become  rough  on  the  outside. 

Platinum  alloyed  with  a  large  quantity  of  silver  is  soluble  in  nitric 
acid,  and  consequently  small  quantities  of  this  metal  may  be  removed 
from  gold  by  inquartation  with  silver,  and  parting  with  nitric  acid  in 
the  ordinary  method  of  gold  assaying. 

Platinum  possesses  the  remarkable  property  of  condensing  gases  upon 
its  surface,  and  determining  their  combination.  This  property,  exhibited 
even  by  clean  plates  of  platinum,  and  in  a  greater  degree  by  the  spongy 
metal,  obtained  by  the  ignition  of  ammonio-platinic  chloride,  is  most 
marked  in  the  extremely  divided  form  known  as  ptatinunirblach 

Platinum-black  is  prepared  in  various  ways.  A  common  method 
is  by  boiling  a  solution  of  platinic  chloride,  PtCl^,  with  carbonate  of 
sodium  and  sugar.  Chloride  of  sodium  is  formed,  a  portion  of  the  sugar 
is  decomposed  with  evolution  of  carbonic  anhydride,  and  platinum  is 
precipitated  in  the  metallic  state.  It  may  also  be  made  by  dissolving 
platinous  chloride,  PtClj,  in  boiling  caustic  potash,  and  gradually  add- 
ing alcohol  to  the  solution.  Rapid  evolution  of  carbonic  anhydride 
takes  place,  and  the  metal  is  precipitated  in  a  state  of  extreme  division. 
The  same  result  may  be  obtained  by  decomposing  platinum  sulphate  by 
heat  and  strong  alcohol.  Platinum-black  prepared  by  any  of  the  fore- 
going processes,  when  dried,  resembles  lamp-black,  and  soils  the  fingers 
in  the  same  way ;  it  may  be  heated  to  full  redness  without  any  change 
of  its  appearance  or  properties,  but  at  a  white  heat  it  assumes  a  metallic 
aspect     It  is  sometimes  employed  for  eudiometrical  experiments. 

Distribution  of  Platinum. — ^This  metal  is  found  in  a  native  state, 
and  occurs,  alloyed  with  various  others,  in  alluvial  deposits  similar  to 
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those  from  which  gold,  its  frequent  associate,  is  obtained.  Sands  pro- 
ducing platinum  are  found  principally  in  valleys  traversing  serpentine. 
Native  platinum  generally  presents  the  appearance  of  small  grains,  of 
a  greyish-white  colour,  approaching  to  that  of  tarnished  steel.  These 
grains  are  commonly  flattened,  and  appear  to  have  been  polished  by 
friction  against  other  bodies.  Their  size  usually  varies  from  that  of 
linseed  to  that  of  hempseed,  but  fragments  of  much  lai^er  dimensions 
have  occasionally  been  discovered.  One  piece  brought  from  Choco, 
Kew  Granada,  by  Humboldt,  and  presented  to  the  Berlin  Museum, 
weighs  1,088  grains,  or  above  two  ounces  avoirdupois.  The  Madrid 
Museum  possesses  a  specimen  found  in  1822,  in  South  America,  which 
is  as  large  as  a  turkey's  egg,  and  weighs  11,>641  grains.  A  specimen  of 
thib  metal  was  found,  in  the  year  1827,  on  the  eastern  slope  of  the  Urals, 
which  weighed  11 '57  lbs.  troy.  The  largest  specimen  yet  discovered 
weighs  21  lbs.  troy,  and  is  in  the  cabinet  of  Count  Demidoff. 

The  substance  known  as  native  platinum  is  not  a  pure  form  of  that 
metal,  being  usually  combined  with  osmium,  iridium,  palladium,  rhodium, 
and  ruthenium,  forming  the  so-called  Polyxene  group  of  elements,  besides 
gold,  silver,  iron,  and  copper.  It  is  also  frequently  associated  with 
other  minerals,  such  as  osmiridium,  gold,  magnetite,  ilmenite,  chromic 
iron  ore,  and  iron  pyrites. 

Four  specimens  of  native  platinum  afforded,  on  analysis,  the  following 
results : — 


1. 

2. 

8. 

4. 

Pt 

80-87 

82-60 

85-50 

80-00 

Au 

0-20 

0-80 

1-50 

Fe. 

10-92 

10-67 

6-75 

7-20 

Ir   . 

0-06 

0-66 

1-05 

1-55 

Rh 

4-44 

1-00 

2-50 

Pd. 

1-80 

0-60 

1-00 

Cu. 

2-30 

6-18 

1-40 

0-65 

Os. 

... 

..• 

Iridosinine 

0-11 

8*80 

1-10 

1-40 

Sand       . 

... 

... 

2-95 

4-85 

• 

10000 

98-06 

101-15 

100-16 

1.  Ural,  by  Osann;  2.  Borneo,  by  Booking;  3.  California,  by 
Deville  and  Debray ;  4.  Choco,  by  Deville  and  Debray. 

Platinum  was  discovered  (1735)  by  UUoa,  a  Spanish  traveller,  in  the 
alluvial  deposits  of  the  river  Pinto,  in  the  district  of  Choco,  New 
Granada.  It  has  since  been  found  in  the  Ural  Mountains,  in  the  Island 
of  Borneo,  in  the  sands  of  the  Rhine,  in  those  of  the  Jacky  in  St. 
Domingo,  and  in  the  gold  regions  of  Brazil,  California,  &c.  The  grains 
of  gold  are  separated  from  platinum  by  amalgamation.  The  grains  of 
platinum  which  are  found  in  the  sands  of  the  river  Jacky,  in  St 
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Domingo,  are  extremely  brilliant,  and  are  intermixed  with  a  siliceons 
sand,  which  is  generally  ferruginous.  The  largest  proportion  of  the 
platinum  at  present  produced  is  obtained  in  the  Ural  districts  from  the 
auriferous  sands  of  Miask,  Nijne-Taguilsk,  Goroblagodatsk,  &c. 

Eussia  annually  affords  about  4,400  lbs.  troy  of  this  metal,  which 
is  about  five  times  the  amount  of  the  united  products  of  Brazil,  Borneo, 
St.  Domingo,  and  the  United  States  of  Colombia. 

Estimation  op  Platinum. — ^This  metal,  for  the  purposes  of  analysis,  is 
weighed  either  in  the  metallic  state,  or  in  the  form  of  ammonio-platinic 
chloride,  2NH4Cl,PtCl4,  which  is  collected  on  a  tared  filter,  and  dried  at 
a  temperature  of  100*  C. 

When  platinum  is  contained  in  a  solution  in  the  form  of  chloride,  the 
liquor  is  first  concentrated  by  evaporation,  and  subsequently  mixed  with 
about  twice  its  volume  of  alcohol.  Solution  of  chloride  of  ammonium  is 
now  added  in  excess,  and  the  liquid  again  concentrated  by  evaporation 
in  a  water-bath.  By  this  means  ammonio-platinic  chloride  is  precipi- 
tated, and  after  being  carefully  washed,  first  with  dilute  solution  of  ml- 
ammoniac,  and  afterwards  with  a  mixture  of  alcohol  and  ether,  is  dried 
in  a  water-bath.  From  the  weight  of  the  double  salt  obtained,  the  per- 
centage of  platinum  is  readily  deduced,  as  every  100  parts  of  the  former 
correspond  to  44*20  parts  of  metallic  platinum.  Instead  of  deducing  bj 
calculation  the  weight  of  platinum  from  that  of  the  double  salt  obtained, 
its  amount  may  be  at  once  determined  by  decomposing  the  ammonio^t 
by  ignition,  and  weighing  the  metallic  spongy  platinum  which  remains. 

For  this  purpose  the  double  chloride  should  be  exposed  to  a  full  red 
heat  in  a  closed  porcelain  crucible,  protected  from  direct  action  of  the 
fire  by  being  enclosed  in  one  of  fire-clay.  The  decomposition  of  this  salt 
may  likewise  be  effected  in  a  gas-furnace,  in  which  case  the  external 
crucible  may  be  dispensed  with.  This  decomposition  of  the  salt  by  heat 
requires  to  be  conducted  with  great  care,  since  if  the  evolution  of  ammo- 
nium chloride  be  too  rapid,  a  notable' amount  of  metallic  platinum  will  he 
carried  off.  Chloride  of  potassium  may  be  used  instead  of  chloride  of 
ammonium  for  the  precipitation ;  the  potassio-platinic  salt,  2KCl,PtCl4, 
produced,  containing  40*4  per  cent  of  platinum,  is  either  dried  and 
weighed  at  100"*  C,  or  is  decomposed,  by  heating  to  redness,  into  metalhc 
platinum,  and  potassium  chloride.  The  latter  is  separated  by  solution 
in  hot  water,  and  the  former  dried  and  weighed  in  the  metallic  state. 

Native  platinum  cannot  be  assayed  in  the  dry  way,  and  its  complete 
analysis  is  a  long  and  difiicult  operation,  which  can  only  be  successfully 
undertaken  by  an  experienced  chemist.^  The  commercial  assay  of  platinum 

^  The  first  somewhat  complete  ezamination  of  native  plAtinnm  was  made  by 
'WoUasion ;  but  both  Berzelius  and  Vauquelin  added  much  to  our  knowledge  of  the 
chemistry  of  this  metal.  The  processes  employed  bv  the  former  for  the  analysis  of 
native  platinum  are  described  in  6melin*s  '  Handbook,'  vol.  vi.  p.  259.  Claus,  m  1S54 
{Beitrdge  zur  Geschichte  der  PUUinmetalle),  proposed  a  simpler  andin  some  respects  more 
accurate  method.  Another  method  has  been  aevised  by  DeviUe  and  Debray  (Ann.  Cb. 
Phys.  (3)  Ivi.  p.  385).  Descriptioos  of  the  two  processes  last  referred  to  are  given  in 
Watts*s  'Dictionary  of  Chemistry,'  Art.  'Phitinum.' 
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isT^ondncted  by  performing,  on  a  small  scale,  one  of  the  processes  now  to 
be  described. 
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Wollaston's  Proobs& — ^The  platiniferous  grains  subjected  to  treat- 
ment^ besides  containing  the  metal  principally  sought,  also  yield  variable 
quantities  of  osmium,  iridium,  rhodium,  and  ruthenium ;  they  also  fre- 
quently contain,  in  addition  to  these,  gold,  silver,  iron,  and  copper, 
together  with  various  heavy  minerals,  such  as  titaniferous  and  chrome 
iron  ores. 

When  gold  is  present  in  sufficient  quantity,  the  ore  is  first  subjected 
to  amalgamation  for  the  purpose  of  its  extraction,  and  the  residue,  after 
careful  mechanical  washing  and  digestion,  first  with  nitric  acid  and 
subsequently  with  hydrochloric  acid,  is  treated  for  platinum.  The  con- 
centrated ore  is  attacked  by  aqua  regia,  containing  an  excess  of  hydro- 
chloric acid,  either  in  large  glass  carboys  or  in  stoneware  vessels, 
heated  on  a  sand-bath  placed  under  a  chimney,  by  which  the  evolved 
fumes  are  carried  oK  The  aqua  regia  is  diluted  with  water,  as  by 
this  means  a  smaller  quantity  of  iridium  is  dissolved  than  when  the 
acids  are  employed  in  an  undiluted  state,  and  when  this  metal  is  pre- 
Bent  even  in  small  quantity  the  manufactured  platinum  is  rendered 
hard  and  its  tenacity  impaired.  The  aqua  regia  is  several  times  renewed 
before  the  solution  of  the  ore  is  completed,  and  care  is  taken  to  a^void 
the  inhalation  of  the  escaping  fumes,  which,  from  the  presence  of  osmium 
compounds,  are  extremely  prejudicial  The  solution  thus  obtained  is  set 
aside,  in  order  that  it  may  brighten  by  subsidence,  and  the  clear  liquid, 
after  being  drawn  off  by  a  glass  syphon,  is  treated  with  solution  of  sal- 
ammoniac  as  long  as  a  yellow  precipitate  is  deposited.  The  mother 
liquors  from  this  precipitate  still  contain  a  considerable  amount  of 
platinun^,  together  with  variable  qu^tities  of  the  other  metals  originally 
present  in  the  material  operated  upon.  Bars  of  zinc,  when  introduced 
into  the  liquors,  produce  a  deposit  of  a  dark  colour,  from  which  a  certain 
amount  of  platinum  is  obtained  by  washing  it  clean  with  hot  water,  and 
subsequently  attacking  it  by  aqua  regia  containing  a  large  excess  of 
hydrochloric  acid,  to  prevent  the  precipitation  of  palladium  or  lead  if 
contained  in  the  solution.  Sal-ammoniac  is  now  added  to  the  clear  solu- 
tion, and  a  second  precipitate  of  ammonio-platinic  chloride  is  obtained. 

The  double  chloride  thus  obtained  is  heated  to  redness  in  large  black- 
lead  crucibles,  and  by  this  means  chlorine  and  sal-ammoniac  are  expelled, 
while  metallic  platinum,  in  a  spongy  state,  remains. 

This  spongy  platinum  is  next  finely  pulverized,  by  being  rubbed 
between  the  hands,  and  afterwards  intimately  mixed  with  water,  so  as  to 
form  a  dense  black  slime.  This  is  carefully  passed  through  sieves  of  fine 
wire-gauze,  and  the  coarser  particles,  which  remain  on  the  meshes,  are 
.again  crushed  and  ultimately  made  to  pass  through. 
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la  condacting  this  operation,  it  is  of  importance  to  ayoid  the  use  o! 
any  hard  body,  by  which  a  commencement  of  aggregation  between  the 
particles  of  metal  might  be  produced.  Scrupulous  cleanliness  on  the  part 
of  the  workmen  is  also  necessary,  to  prevent  the  introduction  of  any  ex- 
traneous matter  into  the  finely  divided  mass,  which  might  be  sufficient  to 
cause  a  serious  imperfection  in  the  forged  platinum  produced.  To  avoid 
this,  the  metallic  powder  is  repeatedly  washed,  by  decantation,  previous 
to  its  consolidation. 

The  platinum  paste  is  next  moulded  in  an  apparatus  consisting  of 
a  gun-metal  cylinder,  accurately  fitted  with  a  steel  piston,  and  enclosed 
at  the  lower  end  in  a  steel  foot-piece,  by  which  the  escape  of  the  pasty 
mass  is  prevented  Care  is  taken  that  the  mass  to  be  compressed  be 
entirely  free  from  air-bubbles,  and,  after  first  ramming  with  a  wooden 
pestle,  the  steel  piston  is  applied.  The  water  is  thus  separated  from  the 
metallic  particles,  and  their  closer  compression  is  afterwards  effected  by  a 
hydraulic  or  powerful  screw-press.  The  discs  of  platinum  thus  formed 
are  subsequently  heated  to  whiteness  and  hammered  on  an  anvil,  until  a 
homogeneous  welded  mass  has  been  obtained. 

Although  commercial  platinum  may  be  prepared  by  the  direct  addition 
of  sal-ammoniac  to  the  solution  obtained  from  the  ore,  the  following 
modification  is  to  be  preferred  when  greater  purity  is  required*  The 
solution,  which  is  generally  deep-red,  and  evolves  chlorine  from  the  pre- 
sence of  tetrachloride  of  palladium,  is  boiled;  whereupon  chlorine  is 
expelled,  and  the  palladium  present  reduced  to  the  state  of  dichloride. 

Chloride  of  potassium  is  now  added  to  the  solution,  which  precipitates 
the  platinum  as  sparingly  soluble  double  chloride  of  platinum  and  potas- 
sium, leaving  the  palladium  in  solution.  This  precipitate,  which,  when 
pure,  has  a  yellow  colour,  but  is  red  when  iridium  is  present,  is  collected 
on  a  filter,  and  washed  with  a  dilute  solution  of  chloride  of  potassiun. 
The  double  salt  of  platinum  is  ignited  with  twice  its  weight  of  potassium 
carbonate,  and  the  platinum  thus  reduced  to  the  metallic  stat^  while  a 
portion  of  the  iridium  remains  as  trioxide.  The  soluble  potassium  salts 
are  subsequently  removed  by  washing  with  hot  water,  and  the  platinum 
dissolved  by  nitro-hydrochloric  acid,  which  leaves  the  trioxide  of  iridium 
undissolved.  In  order  to  effect  the  complete  separation  of  iridium, 
it  may  be  necessary  to  repeat,  more  than  once,  the  precipitation  by 
chloride  of  potassium  and  the  re-eolution  of  the  platinum.  The  platinum 
solution  thus  freed  from  iridium  is  treated  with  sal-ammoniac,  and 
the  metal  thrown  down  as  double  chloride  of  platinum  and  ammonium. 
This  is  ignited,  and  the  resulting  spongy  platinum  treated  as  before 
described. 

When  platinum  ore  is  attacked  by  aqua  regia,  a  portion  consisting  of 
grains  of  osmiridium,  besides  various  other  substances  which  have  not 
been  removed  by  washing,  always  remains  undissolved 

Devillb  and  Debrat's  Pbogesbss. — Platinum  prepared  as  above 
described  is  never  quite  pure,  but  contains  .small  quantities  of  osmium^ 
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silicon,  &c.  In  order  to  remove  these  impurities,  and  at  the  same  time 
to  render  it  more  compact  and  freer  from  cavities,  it  is  fused  in  a  furnace 
composed  of  blocks  of  well-burnt  lime,  by  means  of  a  hydrogen  or  coal- 
gas  flame  supplied  with  a  current  of  oxygen. 

In  a  furnace  of  this  description,  Deville  and  Debray  succeeded,  with 
a  consumption  of  about  43  cubic  feet  of  oxygen,  in  melting  and  refining 
25 '4  lbs.  of  platinum  in  the  course  of  forty-two  minutes;  very  much 
larger  masses  have  since  been  treated  by  this  method. 

During  the  operation  of  fusion,  the  osmium  is  expelled  in  the  form  of 
tetroxide,  while  silicon  is  removed  in  the  state  of  silicate  of  calcium, 
which,  forming  a  fusible  slag,  is  absorbed  by  the  walls  of  the  furnace. 
Lime  is  so  bad  a  conductor  of  heat  that  a  basin  of  this  substance  less  than 
an  inch  in  thickness  may  be  filled  with  melted  platinum  without  the 
temperature  of  the  exterior  being  raised  much  beyond  150*  C. 

Deville  and  Debray  likewise  introduced  the  following  process  for  the 
treatment  of  platinum  ores  in  the  dry  way.  A  small  reverberatory  furnace, 
of  which  the  bottom  consists  of  a  hemispherical  cavity  of  fire-brick  lined 
with  refractory  clay,  is,  after  being  heated  to  full  redness,  charged  with 
a  mixture  consisting  of  2  cwt&  of  platinum  ore  and  the  same  weight  of 
galena.  The  charging  occupies  some  time,  as  small  quantities  only  are 
introduced  in  succession,  and  the  whole  is  kept  constantly  stirred  until  a 
fusible  matte  has  been  produced.  A  small  quantity  of  powdered  glass  is 
used  as  a  flux,  and  by  degrees  a  weight  of  litharge,  equal  to  that  of  the 
galena  employed,  is  thrown  in.  The  reaction  which  takes  place  between 
the  galena  and  litharge  results  in  the  expulsion  of  sulphur  and  the  reduc- 
tion of  the  lead  to  the  metallic  state.  The  reduced  lead  forms  with  the 
platinum  a  fusible  alloy,  which  is  allowed  to  remain  for  some  time  undis- 
turbed in  a  melted  state.  In  this  way  the  osmiridium,  which  has  not 
been  attacked,  and  of  Which  the  specific  gravity  is  very  high,  collects  at 
the  bottom  of  the  metallic  bath.  The  upper  porticHi  of  the  platiniferous 
alloy  is  now  drawn  off  into  ingot-moulds,  while  the  residue,  containing 
osmiridium,  is  added  to  the  next  charge.  The  platiniferous  lead  is  sub- 
sequently subjected  to  cupellation  in  the  ordinary  way,  and  the  crude 
platinum  obtained  is  refined  on  a  bed  of  lime,  by  the  heat  evolved  by  the 
combustion  of  a  mixture  of  coal-gas  and  oxygen.  The  platinum  thus 
prepared  is  nearly  pure,  is  very  ductile  and  malleable,  and  works  well 
under  the  hammer. 

The  inalterability  of  platinum  at  high  temperatures,  together  with  its 
power  of  resisting  the  action  of  a  great  number  of  the  most  powerful 
chemical  agents,  renders  it  a  useful  material  for  the  manufacture  of 
crucibles,  evaporating  dishes,  <&c,  for  laboratory  use.  Large  platinum 
stills  are  sometimes  employed  for  the  concentration  of  sulphuric  acid ; 
vessels  employed  for  this  purpose  are  strongly  gilt  on  the  inside,  as  unless 
thus  protected,  platinum  prepared  by  WoUaston's  process  soon  becomes 
sufficiently  porous  to  admit  of  the  transudation  of  the  acid.  A  platinum 
coinage  was  introduced  some  years  since   in  Bussia,  but  not  having 
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been  found   convenient,   the   coins  were  ultimately  withdrawn  fiom 
circulation. 

Allots  of  PLATiNinc  and  thb  Allied  Mbtals. — ^Platinum  alloys 
readily  with  most  of  the  heavy  metals,  but  few  of  these  compounds  have 
received  any  very  extended  practical  applications.  The  soncalled  plati- 
num bronzes  consist  of  nickel  with  small  quantities  (^  to  1  per  cent)  of 
platinum,  and  10  to  20  per  cent  of  tin*  An  alloy  of  13  parts  of  copper 
with  3  of  platinum  is  similar  in  colour  to  gold.  Alloys  of  gold  and 
platinum  in  varying  proportions  are  used  in  Prinsep's  Pyrometer  for  the 
determination  of  high  temperatures;  the  melting-point  of  such  alloys 
increases  with  the  proportion  of  platinum.  The  following  values  are  those 
given  by  Schertcl  and  Ehrhard,  which  are  based  upon  Yiolle's  observa- 
tions : — 

Xeltingr-point. 
1076* 0 
1130 
1255 
1385 
1525 
1690 
1775 

Crucibles  used  for  the  fusion  of  minerals  with  caustic  alkalies  and 
nitre  are  sometimes  made  of  gold  to  which  about  5  per  cent  of  plati- 
num has  been  added,  as  they  are  sensibly  harder  and  less  liable  to  de- 
formation than  those  made  of  pure  gold,  while  the  resistance  to  corrosion 
by  the  alkaline  flux  is  practically  the  same. 

The  most  interesting  platinum  alloys  are  those  with  iridium,  which 
are  remarkable  for  their  refractory  characters,  strength  and  hardness.  An 
alloy  of  90  of  platinum  with  10  of  iridium  has  been  made  in  some 
quantity  by  Messrs.  Johnson,  Matthey  &  Co.,  for  the  International 
Metric  Commission,  to  be  used  for  the  preparation  of  standard  metre 
bars  for  the  different  governments  represented  on  the  Commission.  The 
specific  gravity  of  the  metal  was  21*522  after  a  first  forging,  21*648 
after  a  second  forging  and  rolling,  and  21*516  after  final  drawing  to  a 
rectangular  section  through  a  series  of  plates.  For  standard  weights  a 
stronger  and  denser  alloy,  containing  20  per  cent  of  iridium,  is  considered 
preferable.  This  has  a  specific  gravity  of  21*614,  the  volume  of  a  kilo- 
gramme being  only  46*266,  and  that  of  an  avoirdupois  pound  20*986 
cubic  centimetres,  the  latter  being  equivalent  to  a  cube  of  about  lyV 
inch  in  the  side. 

The  native  alloy  of  osmium  and  iridium  is  the  hardest  and  most 
refractory  of  the  substances  associated  with  platinum.  It  occurs  in 
crystalline  grains,  which  are  practically  infusible,  are  only  slowly 
attacked  by  the  most  concentrated  aqua  regia,  and  are  as  rigid  as  hard 
tool  steel  They  are  used  for  the  points  of  gold  pens,  for  which  a 
couple  of  the  larger  grains  are  soldered  to  the  end  of  the  gold  nibs,  and 
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ground  to  the  required  shape  on  an  emery  wheel  Latterly  a  method  of 
casting  osmiridium  into  plates  has  been  introduced  by  Mr.  Holland  of 
Cincinnati,  who  converts  the  natural  grains  into  a  regulus  by  fusion  with 
phosphorus,  which  becomes  sufficiently  liquid  to  be  poured  into  a  mould 
formed  of  two  metal  plates.  The  slab  of  phosphorized  metal  is  refined 
by  exposing  it  to  a  very  high  temperature  on  a  lime  cupel  in  an  electric 
furnace,  when  the  phosphorus  is  entirely  volatilized,  leaving  the  original 
alloy  in  a  connected  mass  of  the  shape  of  the  mould.  Osmiridium  slabs 
produced  in  this  way  have  been  used  as  draw-plates  for  making  gold  and 
silver  wires  of  very  exact  dimensions,  and  are  said  to  be  preferable  to 
those  made  of  ruby,  as  the  holes,  which  are  made  by  a  diamond  drill 
keep  their  shape  quite  as  well,  and  are  not  so  liable  to  be  damaged  by 
chipping. 
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without  sulphur  or  arsenic, 

575. 
with    sulphur,  aneniq,  fta, 

577,  578. 
by  alkaline  flux  only,  577. 
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Assay  of  lead  ores,  by  metallio  iron,  578. 
in  iron  dish  or  crucible,  678, 

581. 
by  alkaline  flux  and  metallio 

iron,  579. 
by    sodium    carbonate     and 

nitre,  582. 
—  of  mercury  ores,  540,  541. 

at  Idria,  542. 

of  tin  ores,  472. 

of  silver  bullion,  fire,  671. 

volumetric,  674. 

of  silver  ores,  668. 

of  £inc  ores,  fire,  506. 

humid,  506. 

volumetric,  607. 

Aubel  on  the  fusion  of  nickel,  389. 

Augite,  204. 

Augustin's  process  of  silver  extraction, 

724. 

first  roasting,  724. 

roasting  with  salt,  725. 

— —  lixiviation  and  precipitation,  725. 

arrangement  of  plant,  725. 

products,  726. 

Australian  gold-mills,  788,  788. 
Austria,  blowing-engiues  in,  223.   - 
-^—  charcoal-bumiDg  in,  56. 
Ayresome  Iron  Works,  .furnace  hoists  at, 

244,  246. 
Azurite,  394. 

Baoxwoods  hearth,  628. 

Baizes  and  skin  for  colleoting  gold,  790. 

Balbaeh  and  Faber  du  Faur's  method  of 

distilling  argentiferous  zinc,  645. 
Ball  ironstone,  135. 
Balling  or  re-heating  furnace,  815. 
Barrel  amalgamation  of  silver  ores,  694, 

719,  790. 

at  HalsbrUcke,  694. 

roasting  the    ore  with    salt, 

695. 
reactions     during     roasting, 

695. 

arrangement  of  barrels,  696. 

details  of  working,  696,  697. 

reactions  in,  698. 

treatment  of  slimes,  698. 

filtration  of  amalgam,  698. 

retorting,  699. 

losses  of  silver  and  mercury, 

699. 
cost  of,  699. 


Barrow-in-Furness,  charges  and  yield  of 
furnaces  at,  264. 

collection  of  waste  gases  at,  238. 

Base  bullion,  627. 

Base  ores  of  Montana,  722. 

Basic  open-hearth  steel  process,  360. 

Basic  Bessemer  steel  process,  345. 

Bath  metal,  463. 

Batho's  open-hearth  furnace,  360. 

Bauxite,  529,  680. 

Bayles  or  boles,  169. 

Belgian  zinc  process,  512. 

early  history  of,  513. 

calcination  of  ores,  518. 

calcination  of  blende,  514. 

manufacture  of  retorts,  614, 

515. 

arrangement  of  retorts,  516. 

zinc  furnaces  at  Angleur,  516. 

zinc  furnace,  Boetius's,  517. 

Siemens's  regenerative,  517. 

method  of  working,  519. 

in  the  United  States,  519. 

Bell,  Sir  I.  L.,  dephosphorizing  refinery 
process  of,  279. 

on  heat  absorbed  in  blast  furnaces, 

270. 

on  blast-furnace  coke,  94. 

BeU-metal,  463,  487. 

Berdan's  pan,  787. 

Berthier,  esiimation  of  calorific  power  of 
fuels,  20. 

— —  process  for  extraction  of  nickel,  887. 

Bessemer  and  open-hearth  processes  com- 
bined at  Neubeig,  366. 

converter,  dephosphorizing  in,  349. 

pig-iron,  258,  257. 

process,  acid,  for  steel  manufacture, 

338. 

two  methods  of,  339. 

pig.iron  suitable  for,  339. 

fixed  converter,  389. 

movable  converter,  840. 

lining  of  converter,  340. 

description  of  plant,  341. 

method  of  conducting,  343. 

treatment  of  the  liquid  steel 

in  the  moulds,  344. 

German  classification  of  me- 
thods of,  345. 

analyses  of  metal  and  slag 

taken  during  blow,  345,  846. 

methods  of  cou trolling  work- 
ing, 848. 
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Betsemer  process,  bisic,  discovery  of,  850. 

.  essential  peculiarities  of,  860. 

oonTerter  linings,  860. 

modem  form  of  converter,  851. 

dephosphorising  period,  858. 

recarburizing  period,  858. 

analysis  of  metal  taken  during 

blow,  353. 

analysis  of  cinder,  858. 

state    of   phosphorus  in  the 

slag,  854. 
applications  of  the  slag,  854. 

process,  recent  improyements  in 

working,  854. 

silicon,  carbon,  and  manganese 

as  sources  of  heat  in,  848. 

steel,  analyses  of,  840. 

carbon  in,  848. 

classification   of,    in   Sweden 

«  and  Austria,  847. 

pig  iron  suitable  for,  848. 

Best  selected  copper,  427. 
Best  tap-cinder,  292. 
Bicheroux*s  furnace,  818. 
Bismuth,  alloys  of,  487,  568. 
— ; —  carbonate  of,  559. 
commercial,  557. 

extraction  of,  in  the  United  King- 
dom, 568. 

Joachimsthal  process,  561. 

Bchneeberg  process,  660. 

metallurgy  of,  560. 

native,  668. 

ores,  658. 

assay  of,  659. 

oxide  of,  669. 

production  of,  at  Freiberg,  661. 

properties  of,  567. 

purification  of,  567. 

silicate  of,  659. 

sulphide  of,  659. 

Bituminous  coal,  44. 

Black  plates,  822. 

Black  sands,  184, 140,  768,  800. 

Black  tin,  assay  of,  478. 

in  brasqued   or   black-lead 

crucibles,  478. 

with  potassium  cyanide,  474. 

Cornish  method,  474. 

Blackband  ironstone,  185. 

analyses  of,  160. 

distribution  of,  149. 

Blair's  process  for  direct  reduction  of 

iron  ores,  181. 


Blake's  stone-breaker,  185. 

Blanket  sluices  in  gold-stamping  miUs, 
775,  776,  777. 

Blanket  washings,  amalgamation  of,  780. 

Blast-furnace,  206. 

at  Ditton  Brook,  210. 

at  Oldbury,  210. 

at  Stockton  Ironworks,  210. 

belly  of,  206. 

boshes  of,  205,  214. 

Biittgenbach's,  208. 

cinder-fall,  209. 

cinder-notch,  209. 

cinder-tub,  209. 

cupola-furnace  or,  207. 

dam-stone  and  dam-plate,  206. 

development  o^  from  Stttckofeo, 

188. 

dimensions,  218. 

of  Swedish  charoosl,  214. 

in  Cleveland,  217. 

hearth,  205. 

hearth  and  boshes^  protection  of, 

208. 

Lloyd's  spray-tuyers,  209. 

Lurman's  slag-tuyer,  210. 

materials  and  constniotion  of,  208. 

monkey-tnyers,  209. 

roughing-hde,  209. 

stack  or  body,  206. 

tap-hole,  209. 

throat,  205. 

tunnel-head,  210. 

tuyer-holes,  206. 

tymp,  206. 

tymp-arch,  209. 

water-tuyers,  208. 

Blast-furnaces,   charge    of,   preUminaiy 
treatment,  184. 

fluxes  in,  184, 198. 

heat  absorbed  for  work  done  b, 

270. 

distribution  of,  271. 

sources  of,  271. 

connection  between,  and  tem- 
perature of  blast,  272. 

dependent  on  quality  of  meUl 

produced,  272. 

influence  of  the  ore  and  char- 
coal upon,  272. 

production  of,  257. 

modem  furnaces,  267. 

charcoal  furnaces,  258. 

coke  fumaoes,  261. 
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Blast-f  urnaoes,  produotioii  of,  luing  ooal, 

266. 

anthrioite  fornaoet,  269. 

ferro-mangineM  fara&OM,268. 

dags  of,  198. 

relationa  of  fluxes  to,  198, 

beat  required  for  furing,  200. 

mixturea  for,  201. 

analysea  of,  202. 

fluidity  of,  208. 

ooloun  of,  208. 

sulphur  in,  202,  208* 

cryatallised  produoto  Id,  204. 

diapoial    and   utlliBatioQ    of, 

204. 

ameltiDg  in,  249. 

fuel  uaed,  249. 

use  of  charcoal,  249. 

coke  suitable  for  use,  249, 

use  of  anthracite,  249. 

use    of   air-dried    wood    and 

peat»  249. 

use  of  raw  coal,  250. 

blowing-in,  260. 

tuyers    naed   in    blowing-in, 

260. 
^—  charge    used    in    blowing-in 

260. 

~-^  methods  of  charging,  261. 

descent  of  charges,  261. 

^-^  mixing  of  charges,  251. 

distribution  of  materials,  261. 

tapping,  262. 

blowing-out,  268. 

Blast-pipes  and  nosales,  288. 

•— —  >— -  connections  for  oold-blast)  28i. 

tuyers,  284. 

Blast-reservoir  at  Dowlais^  219* 
Bleiberg  process  of  lead-smelting,  600. 

fuel  employed  in,  600. 

conduct  of  operations,  601. 

payment  of  wages,  ftc,  602. 

BUcksilber,  661,  653. 

refining  of,  664, 

Blister-copper,  424, 

Blister-steel,  828. 

Blochaam,  Gjers'  soaking-piis  at»  868. 

oasting-pit   and   cogging-mill   at, 

869. 
Bloomery,  American,  176. 

production  of  iron  in,  176. 

Bloomery  or  natiye  forge  in  Borneo,  170. 

in  Burma,  169. 

in  India,  169. 


Blowholes,  steel  castings  without,  366. 
Blowing-engine  at  Dowlais,  220. 

in  Austria,  228. 

in  North  of  England,  222. 

— • —  power  required,  228. 

pressure  of  blast,  228. 

pressure  regulators,  228. 

Blowing-houses  in  Cornwall,  480. 

Blowing-in  of  blast-furnaces,  260. 

Blowing-out  of  blast-furnaces,  268. 

Blue  biUy,  136,  292. 

Bochum,  coke  blast-furnaces  at,  264. 

Boetius's  Bine  furnace,  617. 

Bog  iron  ore,  180. 

Bog  ore,  analyses  of,  146. 

Boghead  cannel  coal,  160. 

— ^  composition  of  ash  of,  48. 

Bohnera,  146. 

Boliche  or  Spanish  lead-furnace,  598. 

history  of,  698. 

at  Unares,  699. 

caldeo,  699. 

blandeo,  699. 

corrida,  699. 

yield  of  lead  from,  600. 

Boss's  modification  of  the  Washoe  pro- 
cess, 718. 
Bowl-metal,  498. 
Brass,  ancients  on,  6. 

composition  of  dififorent  varieties 

of,  468,  466. 

calamine,  manufacture  of,  466. 

direct  preparation  of,  466. 

solder,  468. 

Brasqued  crucibles,  169. 

Braailian  process  for  direct  reduction  of 

iron  ores,  177. 

furnace  used,  177. 

yield  of  metiO,  178. 

Breckon  and  Dixon's  coke-oven,  78. 

nature  of  improvements  in,  78. 

quality  and  quantity  of  coke  made 

in,  80. 
Britannia  metal,  487. 
Bronze,  468,  487. 
— ^-  ancient  use  of,  6. 
Brown  coal,  40.- 

charring  of,  96. 

Brown  hssmatite,  18i. 

Brown  iron  ores,  older,  distribution  of 

142. 

analyses  of,  148. 

newer,  distribution  of,  144. 

from  the  oolite,  Itc,  analyses  of,  144. 
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Brunton's  calciDer,  475. 

BuU<dog,  128,  292. 

Bullion,  gold,  usay  of,  757. 

silver,  fire  uiay  of,  671. 

oomputation  of  resulta,  671. 

lead  required  for  cupellatioD, 

672. 

Yolumetric  assay  of,  674. 

standard  solution,  676. 

decimal  solution,  675. 

method  of  conducting  assay, 

675. 

apparatus  employed,  677. 

—  correction  for  temperature  of 

standard  solution,  679. 

preparation  of  standard  solu- 
tion, 680. 

Burnt  Witts,  478. 

ByBti9om*B  pyrometer, '22. 

Caoinho,  177. 

Cadmia,  6. 

Cake-copper,  428,  481. 

Caking  coal,  44. 

effects  of  different  treatments 

on,  44. 
effect  of  exposure  to  air  on, 

45. 
effects  of  inorganic  matter  on, 

45. 
Calamine,  502. 

electric,  508. 

Calamine-brass,  manufacture  of,  465. 

Calaverite,  744. 

Calcining  kilns  for  iron  ores,  198,  196, 

197. 
Calomel,  native,  537. 
Calorie,  17. 
Calorific  intensity,  definition  of,  17. 

of  fuel,  22. 

power,  definition  of,  17. 

of  fuels,  17. 

of  carbon,  19. 

of  carbon  monoxide,  19. 

of  hydrogen,  20. 

of  fuels,  Berthier's  method  of 

estimating,  20. 

of  coal,  22. 

determination  of,  by  litharge, 

28. 
Calorific  powers,  table  of,  21. 
Calorimetrio  experiments,  Rumford's,  17. 
Cannel  coal,  47. 
Carbon,  combustion  of,  16. 


Carbon,  calorific  power  of,  19. 

condition  o^  in  iron,  126. 

semi-comUned  or  hardening,  127. 

in  Bessemer  steel,  848,  849. 

graphitic,  estimation  of,  in  iron  and 

steel,  874. 

combined,  estimation  of,   in  iron 

and  steel,  876. 

determination  of,  in  iron  and  steel, 

Eggerts's  process,  877. 

Carbonic  oxide,  calorific  power  o^  19. 

Carbonization  of  coal  in  heaps,  70. 

Carbonized  fuels,  preparation  of,  50. 

Carinthia,  gas  puddling  furnaces  in,  295. 

refinery  process  in,  277. 

Carinthian  process  for  steel-making,  385. 

Carv^  coke-oven,  88. 

condensation  of  tar  and  ammonts- 

cal  liquors  in,  89. 

yield  of  coke,  tar,  &c,  in,  89,  90. 

Case-hardening,  883. 

Cassiterite,  469. 

Castilian  furnace,  605. 

ores  suitable  for,  605. 

removal  of  slag  from,  606. 

expenditure  of  coke  in,  606. 

use  of  scrap-iron  in,  606. 

in  Derbyshire,  606. 

Cast-iron,  proportion  of  carbon  in,  126. 

in  Hindoo  furnace  slags^  188. 

necessity  of  preliminary  treatment 

of  materials  in  the  production  oi,  184. 

necessity  of  fluxes  in  the  produc- 
tion of,  184. 

varieties  o^  253. 

partial  decarburisation  of,  by  ce- 
mentation, 370. 

analysis  of,  878. 

Cast-steel,  crucible,  829. 

manufacture  of,  880. 

time  occupied  In  melting,  330. 

fuel  consumed  in  making,  331. 

Siepiens*s  regenerative  fnmaee  ap- 
plied to  production  of,  881. 

Catalan  forge  for  direct  reduction  of  iron 
ores,  171. 

description  of  hearth,  171. 

description  of  trompe^  172. 

regulation  of  air  supply,  172. 

hammer  employed  in,  173. 

method  of  working,  173. 

massouquettes  from,  173. 

greiUade,  174. 

^—  reactions  in,  174. 
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Catalan  forge, 'mauoquM,  175. 
tim©    employed    in    working 

charge,  175. 

weight  of  ore  treated,  175. 

character  of  metal  obtained, 

175. 

proceas,  production  of  eteely  iron 

in,  824. 

Cazo,  692. 

Cement  copper,  449. 

Cementation,  825. 

converting-famace  for,  826. 

charging  converting-furnace,  827. 

preparation  of  charcoal  for  use  in, 

827,  328. 

trial  ban,  827. 

time  required  for,  827. 

Swedish  iron  suited  for,  827. 

physical  properties  of  bars  before 

and  after,  828. 
increase  of  weight  experienced  by 

iron  during,  828. 

of  cast-iron,  370. 

Cerargyrite,  668. 
Cerussite,  567. 
Cervantite,  489. 
Charcoal,  51. 

quick  and  slow  charring,  52. 

determination  of  yield  of,  52. 

Tarious  methods  of  burning,  68. 

yield  of  different  woods,  68. 

specific  gravity  of,  68. 

volatile  matter  in,  64. 

water  in,  64. 

absorption  of  water  and  gases  by, 

64. 
and  eoke,  manufacture  of,  lir.  £. 

Rogers  on,  74. 

from  brown  coal,  95. 

Charcoal  blast-furnaces,  258. 

Styrian,  258. 

Swedish,  285,  259. 

temperature    of    blast 

used,  259. 
weekly  production   of, 

259. 
consumption   of   char- 
coal in,  260. 
American,  260. 

hearths,  manufacture  of  wrought 

iron  in,  287. 

kiln,  American,  rectangular,  59. 

cylindrical,  60. 

conical,  60. 


Charcoal  kilns,  varieties  of,  61. 

grates  of,  61. 

for  saving  both  tar  and  char- 
coal, 62. 

non-condensable  gases  evolved 

from,  used  as  fuel,  63. 

Charcoal-burning  in  piles,  52. 

irregular  contraction  of  piles,  54. 

in  rectangular  heaps,  56. 

in  long  piles,  58. 

in  long  piles,  collection  of  distilla- 
tion products,  58. 

in  long  piles  in  Sweden,  58. 

in  China,  58. 

in  piles,  disadvantage  of,  68. 

Charring,  object  of,  51. 

of  wood,  loss  of  bulk  occasioned  by, 

57. 

of  peat  in  heaps,  65. 

in  oTens,  66. 

of  brown  coal,  95. 

Chenot's  process  for  direct  reduction  of 
iron  ores,  180. 

construction  of  furnace,  180. 

charge  of  furnace,  180. 

cooling  reduced  metal,  180. 

balling  of  sponge,  181. 

for  conversion  of  metallic  sponge 

into  steel,  882. 

Chicago,  anthracite  blast-furnaces  at, 
267. 

Chili,  amalgamation  in,  719. 

copper  bars  from,  481. 

smelting  in,  481. 

Chilling  or  chill  casting,  127. 

China,  charcoal-burning  in,  58. 

Chloridising  silver  ores,  Stetefeldi's  fur- 
nace for,  719. 

Chlorination  process  for  extraction  of 
gold,  798. 

method  of  conducting  in  California, 

799. 

Chromic  iron  ore  as  a  refractory  material, 
113. 

Chromium  sesquioxide  as  a  refractory 
material,  118. 

Chryeocolla,  896. 

Cinder-pig,  128. 

Cinnabar,  537. 

Claude  t*s  process,  738. 

analysis  of  strong  liquors,  789. 

estimation   of    silver  in  the 

liquors,  740. 

precipitation  of  silver,  740. 
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C]audet*B  prooaa^  predoui  metoli  ex- 
tracted by,  in  the  United  Kixigdom,  741. 

— _  analyaii  of  ailTer  precipitate, 

741. 

cost  o^  aad  produce,  per  ton 

of  ore,  741. 

ClauBthal,  reduction  of  lead  ores  at^  507. 

UM  of  slag-noBiles,  608. 

collection  of  fume,  609. 

first  matte,  609. 

— —  roasting  first  mattes,  609. 

second  matte,  610. 

third  and  /ourth  mattea^  610. 

copper  matte,  610. 

recent  modifications  in  lcad*smelting 

at,  610. 

Claiuthalite,  567. 

Clay  ironstones,  186. 

distribution  of,  148. 

analyses  o^  149. 

Clay  band  ironstone,  185. 

Clay's  process  for  direct  reduction  of 
iron  ores,  179. 

Clay-slate  or  shale  for  fluxing,  199. 

Cleveland,  basic  Bessemer  steel  works  in, 
851,  358. 

district^  roasting-kiln  in,  195. 

ooke  blast-furnaces  of,  262. 

iron  ore,  distribution  of,  151. 

analyses  o^  151. 

Cloes's  process  for  extraction  of  nickel, 
387. 

Close  regulus,  430. 

Closson*s  process  for  obtaining  magnesia, 
364. 

Coal,  calorific  power  of,  22. 

composition  and  origin  o^  88, 

occurrence  of,  89. 

formation  of,  from  woody  tissue,  39. 

nitrogen  in,  89. 

sulphur  in,  89. 

occurrence  of  minerals  in,  40. 

brown,  or  lignite,  40. 

inorganic  matter  in,  40. 

red  and  white  ash,  40. 

American,  48. 

cretaceous,  composition  of,  48. 

bituminous,  44. 

caking,  44. 

non-caking,  44, 

effect  of  heat  on  the  caking  pro- 
perty of,  44. 

BritisA,  composition  of,  46. 

foreign,  composition  of,  47. 


Coal,  ash,  compositioa  of,  47. 

—^  cannel,  composiUon  of,  48. 

anthracite,  composition  of,  48. 

^-^  occlusion  of  gases  in,  48. 

production  o^  in  the  United  King- 
dom, 50. 

Coal-brasses,  150. 

Coarse-metal,    Welsh    oopper-smeltiDg, 
421,  428. 

Cobalt^  881. 

bloom,  882. 

blue,  884. 

estimation  of,  382. 

glance,  881. 

ores  of,  381. 

oxide  of,  888. 

preparations  o^  888. 

Coccinite,  587. 

Cogging-mill  at  Blochaim,  868. 

Coke,  65. 

first  employment  of,  68. 

good  quality,  properties  of,  69. 

influence  of  mode  of  preparation 

on,  69. 

^—  produced  in  orens,  properties  of,  77. 

from  which  the  bye-products  have 

been  collected,  94. 

composition  and  properties  of,  94. 

power  of  absorbing  water,  95. 

Coke  blast-furnaces,  261. 

in  the  Siegen  district,  261. 

in  the  Miiaen  district,  262. 

in  South  Staffordsfaiie,  262. 

in  the  Cleveland  district,  262. 

at  Newport,  268. 

at  Ormesby,  268. 

at  Ditton  Brook,  364. 

at  Consett,  264. 

in  the  Barrow  district,  264. 

at  Bochum,  264. 

Coke-oven,  anchor,  80. 

beehive,  74. 

charge  of,  75. 

cooling  of  coke  from,  80. 

— cooling  o^  76, 

drawing  charges  of,  76. 

-^x  Brsckon  sad  Dixon's,  78. 

nature  of  improvement, 

78. 

quality  and  quantity  of 

coke  made  in,  80. 
Carvte;,  88. 

' ......  improvement  effected  by, 

88. 
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Coke-OTdD,  Carvte,withoutfire-pUoe8,89. 

yield  of  coke,  tar,  fto., 

89,  90. 

Hoffmann's,  90. 

' essential  features  of,  90. 

air  regenerators  of,  92. 

circulation  of  the  air  and 

of  the  gases  of  the  charge,  92. 

yield  of  ammonium  sul- 
phate, fta,  94. 

Jameson's,  94. 

oonversion    of   ordinary 

beehive  into,  94. 

yield  of  tar,  &c.,  94. 

North  of  England,  77. 

Otto's,  90. 

Pauwels  and  Dabochet's,  81. 

at  St.  Etienne,  83. 

Pemolet's,  88. 

—  products    obtained    by, 

88. 

charge  of,  86. 

condenser  applied  to,  86. 

washers,  87. 

time  occupied  in  work- 
ing charge  in,  87. 

— treatment  of  impure  coal 

in,  88. 

Simon-Carvds*,  89. 

—  improvement  effected 

by,  89. 

Coke-ovens,  collection  of  tar,  &c.,  from, 
81,  89,  90,  94. 

Coldng  in  mounds,  70. 

dimensions  of  mound,  70. 

lighting  of  mounds,  71. 

in  ovens,  74. 

in  rectangular  kilns,  71. 

charging  the  kilns,  72. 

airways  left  in,  72. 

regulation  of  draught,  78. 

time  occupied  by  the  process, 

78. 

yield  of  coke,  74.    • 

object  of,  61. 

Cold-short  iron,  828. 

Cold-shortness,  129. 

Colorado,  extraction  of  silver  in,  782. 

Colorado*,  660,  668. 
'Colour  of  alloys,  8. 

of  metals,  8. 

Combustion,  products  of,  16*. 

Compressed  steel,  865. 

Krupp's,  866. 


Compressed  steel,  Jones's,  866. 

Whitworth's,  365. 

Comstock  lode,  664,  666,  699,  700,  705. 
Conoeotration  by  strakes,  789. 

and  pan  amalgamation  combined, 

796. 

Concentrators  for  auriferous  sulphides 
and  arsenides,  780,  786. 

Condie's  steam-hammer,  805. 

Conductivity   of   metals,    thermal    and 
electric,  18. 

Consett,  coke  blast-furnaces  at,  264. 

Copper,  aUoys  of,  462. 

ancient  use  of,  4. 

bars,  481. 

best-selected,  427. 

blue  carbonate  of,  89*4. 

bottonts,  428. 

cake,  428,  431. 

dry,  425. 

extraction  of,  wet  processes  for,  448. 

hydrochloric-aoid  process,  460 

Longmaid's  processes,  461. 

Henderson's  process,  462, 

treatment  of  burnt  cupriferous 

pyrites,  453. 

ingots,  431. 

moulds  for,  426. 

imports  and  exports  of  British,  401. 

'  impurities  of  commercial,  889. 

marketable,  426. 

mattes,  treatment  of,  by  electrolysis, 

462. 

metalluiigy  of,  416. 

principles  involved  in,  416. 

native,  390. 

nickel,  386. 

ores  of,  390. 

distribution  of,  896. 

dry  assay  of,  401, 

wet  assay  of,  409. 

by  electrolysis,  414. 

by  sodium  hyposul- 
phite, 413. 

overpoled,  426. 

precipitated  from  mine  waters,  448. 

— ^  production  o^  throughout  the 
world,  for  the  years  1880  to  1886  in- 
clusive, 400. 

properties  of,  889. 

pui^,  preparation  of,  889. 

pyrites,  392. 

—  refining  of,  by  electrolysis,  469. 
regule,  428. 
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Copper,   smelting    of,   most    important 

methods,  417. 

Welsh  method,  417. 

eslcination     of     mixed 

ores,  419. 
fusion  of  calcined  ores, 

421. 
'  calcination  of     crushed 

coarse-metal,  423. 
fusion      of     calcined 

coarse-metal,  428. 

roasting    white-metal 

or  pimple-metal,  424. 

— •^—  refining   and    toughen- 
ing, 425. 
-.  use    of   phosphorus  in 

refining,  427. 
making     best  -  selected, 

427. 

modifications  of,  428. 

in  Chili,  431. 

in  Mansfeld,  481. 

Manh^  process,  444. 

sulphate  obtained  as  a  bye-product, 

802,  804. 

tUe,  428,  431. 

tough-pitch,  426. 

vitriolizing  of,  at  Oker,  801, 

Corduri^*s    process,    dezincification    of 

lead,  645. 
Cornish  assay  of  copper  ores,  401. 

apparatus  employed,  401. 

preliminary  examination,  402. 

method  of  conducting,  402. 

fusion  for  regulus,  408. 

calcination  of  the  regulus,  404. 

fusion  for  coarse  copper,  405. 

treatment  of  slags  for  copper, 

406. 

refining,  406. 

assay  of  black  tin,  474. 

process  of  lead-smelting,  596. 

calcination,  696. 

flowing,  597. 

time  required  for,  597. 

Coronarium,  5. 

Corsican  process  for  reduction  of  iron 

ores,  176. 
description  of  forge  or  fire, 

176. 
first   operation  or  roasting, 

176. 

second  operation  or  firing, 

177. 


Corsican    process,    time    occupied   bj 

operation,  177. 

yield  and  cost,  177. 

Cotunnite,  566. 

Coueron,  extraction  of  sUver  from  lead 

at,  647. 

lead-smelting  at,  591. 

calcination  of  lead  ores  at,  593u 

ores  smelted  at,  598. 

repairing  of  furnace  bottom  at, 

595. 

^—  weight  of  charges,  &c ,  695. 

treatment  of  siliceous  lead  ores  at, 

616. 

water-jacket  furnace,  618. 

reduction    of    calcined  orei 

and  grey  slags,  619. 
composition  of  smelting  mix- 
ture, 620. 

management  of  furnace,  621. 

quantity  of  material  smelted, 

622. 

loss  of  lead,  &e.,  622. 

CowW  prooesB  of  making  alumininm 

alloys,  581. 
Cowper's  hot-bUst  stove,  229. 

action  of,  230. 

heating  power,  281. 

prerention  of  choking,  2S1. 

at  Newport  Iron  Works,  281. 

Cradle,  gold-washing  by,  768. 
Cretaceous  coal,  composition  of,  43. 
Creusot,  improred  Danks's  funiace  at, 

801. 
Crocus,  128. 
Crop-ends,  817,  867. 
Crucible  tongs,  155. 
Crucibles,  115. 

properties  required  in,  115. 

highly  refractory,  mixture  for,  116. 

testing  fusibility  of,  117. 

burnt  and  unburn t,  117. 

action  of  metallic  oxides  od,  117- 

Lond&n,  117. 

Cornish,  118. 

French,  118. 

Hessian,  118. 

for  steel-melting,  880. 

Crude  arsenic,  production  of,  in  Devon 

and  Cornwall,  478,  497. 
Crushing-rolls,  186,  772. 
Cryolite,  preparation  of  aluminium  fnm, 

531. 
Crystallization  of  metals,  10. 
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Culm,  480. 

Cup  and  cone,  287. 

CupelUtion,  araay  by,  583. 

brightening,  686. 

sprouting  or  vegetating,  686. 

assay  furnace,  684. 

of  silver  ores,  668. 

of  silver  bullion,  671. 

of  gold  ores  by,  766. 

or  refining,  desilverisation  of  lead 

by.  647. 
Cupels,  684. 

manufacture  of,  687. 

moulds  for,  688. 

Cupola  blast-furnaces,  207. 
Cupriferous  pyrites,  burnt,  treatment  of, 

468. 
>— -  proportion  of  salt  and  sulphur 

required  for  roasting,  464. 

composition  of,  454. 

grinding,  464. 

calcination,  466. 

lixiviation,  467. 

assay  for  determining  when 

completely  calcined,  467. 

precipitation  of  copper,  468. 

recovery  of  sodium  sulphate, 

450. 
modifications  of  the  ordinary 

process,  459. 
extraction  of  precious  metals 

from,  738. 
Cuprite,  390. 

Damasoenivo,  342. 

Danks*s  rotative  puddling  furnace,  298, 
301. 

description  of,  299. 

supply  of  air  to,  800. 

separation  of  silicon  and  phos- 
phorus in,  301. 

weight  of  ball  from,  301. 

squeezer  used  with,  310. 

Dannemora  iron,  828. 

magnetic  iron  ore  of,  137. 

Darlaston,  collection  of  waste  gases  at, 
286. 

Daubr^lite,  181. 

Davey's  hydraulic  forging  press,  308. 

Delta  metal,  464. 

Denver,  extraction  of  silver  at,  732. 

lead-smelting  f  uiftaces  at,  626. 

Dephosphorizing  in  the  Bessemer  con- 
verter, 349. 


Desilverization  of  lead,  634. 

by  zinc,  641. 

De  Vathaire  on  the  fuel  required  for  dif- 
ferent classes  of  pig  metiJ,  272. 

Deville  and  Caron*s  magnesium  process, 
632. 

Deville  and  Debray's  platinum  processes, 
814. 

Deville's  aluminium  process,  629. 

sodium  process,  627. 

Dilatation  of  metals  by  heat,  13. 

Dinaa  fire-brick,  composition  of,  116. 

Dioptase,  396. 

Distillation,  dry,  60. 

Ditton  Brook,  blast-fumaoe  at,  210. 

working  of,  261 

Dolomite  in  the  basic  Bessemer  process, 
360. 

Dony,  Abb^,  discovery  of  the  Belgian 
zinc  process  by,  613. 

Dor^  silver,  767. 

Double-shear  steel,  329. 

Dowlais,  blast  reserfoir  at,  219. 

blowing-engine  at,  220. 

capacity  of  blast-furnace  at,  266. 

refining  of  iron  at,  273. 

roasting-kilns  at,  193. 

Dry  copper,  426. 

distillation,  60. 

Ductility  of  metals,  11. 

Dufrenoysite,  667. 

Dumas'  table  of  hardness  of  metals,  9. 

Eastwood's  mechanical  rabble,  297. 

Eck's  refinery,  277. 

Eggertz  on  carbon  in  Swedish  iron  and 
steel,  378. 

Eggertz's  processes  for  analysis  of  iron 
and  steel,  377. 

Eguilles,  Manhte  process  of  copper- 
smelting  at,  444. 

Electrolysis,  assay  of  copper  ores  by, 
il4. 

copper-refining  by,  469. 

Messrs.  Elkington's  patent, 

469. 

.  ■  principal  refineries,  460. 

cost  at  various  refineries,  461. 

extraction  of    the  gold   and 

sUfer,  461. 

treatment  of   copper  mattes  by, 

462. 

Electrolytic  lead-refining,  Keith's,  666. 
Electrum,  748. 
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ElutU,  4. 

Embolite,  66S. 

Bmenld  nickel,  387. 

English  procau  for  the  redaotion  of  line 

oreB,611. 
^—  silYer-refineryi  647. 
EoBtaiite,  204. 
Erubescite,  S98. 

Engobiige,  tin-tinelting  in,  484 
Exeli'fl  furnace  at  Idria,  550. 

Fahluz,  898,  587. 
Ferro-manganeM,  129,  255,  257. 

—  f  umaoeo,  268. 

in  Bessemer  proeeiB,  844. 

Ferro-siHoon,  127,  256,  257. 

—  nse  of,  for  steel  castings,  866. 
Fettling,  materials  used  for,  292. 

effect  of,  on  iron  produoed,  292. 

Finspong,  composition  of  chaiges  at,  260. 
Fire-bricks,  qualities  required  in,  IIS. 
manufacture  of,  118. 

composition  of,  114. 

blue,  analysis  of,  114. 

Fireclays,  properties  and  ooeazrsnoe  of, 

110. 
Fizeau's  table  of  the  dilatation  of  metals, 

18. 
Flach's  process  for  treating  szgentiferous 

zinc,  644. 
Flatting-mill,  10. 
Flintshire  process  of  lead-smelting,  589. 

charge  of  furnace,  589. 

grey  slag  from,  590. 

ores  treated  by,  59  L 

—  at  Coueron,  591. 

Flowing  furnace,  lead-smelting  in,  597. 
Flue-cinder,  816. 

Fluxes  used  in  blast-fumaoes,  198. 

conditions  regulating,  in  blast-fur- 
naces, 199. 

Fondon,  698. 

Fontaine  on  electrolytic  copper-refining, 
460. 

Fonta-ruban^  255. 

Forge  and  mill,  distinction  between^  302. 

Forge  machinery  and  operations,  802. 

tilt-hammer,  802. 

-.^  helTe-hammers,  802. 

Forge  or  bloomery  prooesses,' native,  169. 

Forges,  open,  partioubrs  of,  885. 

Forging-press,  hydraulic,  Darey's,  808.] 

Hasvell's,  808. 

Formall,  5.  . 


Francfort  mill  at  Pestarena,  793. 

details  of  operations,  795. 

results  obtained  by,  796. 

Franklinite,  182. 

Free  milling  gold  and  silyer  ores,  664. 

Freiberg,  barrel  amalgamation  at,  694. 

litharge-reYiTing  at,  656^ 

production  of  bismuth  at,  561. 

silrer-refining  at,  653, 664. 

Freiealebenite,  662,  665. 

Fr^my  on  the  composition  of  steel,  324. 

French-metal,  498. 

Frue  Tanner,  781,  797. 

Fuel,  definition  of,  16. 

elements  applied  as,  in  metalloigy, 

16. 

gaseous,  96. 

calorific  intensi^  of,  22. 

calorific  power  of,  17. 

analysis  of^  25. 

carbonized,  preparation  of,  50. 

Fume  in  copper  eslomer  flues,  458. 

lead,  657. 

at  Glausthal,  609. 

at  Pontgibaud,  614,  657. 

at  WUdberg,  657. 

_ condensation  of,  657. 

Furnace,  antimony  liquation,  493. 

assay  wind,  154. 

cupellation,  584. 

binnuth  liquation,  560. 

blasts  at  Plymouth  ironwoika,  S06. 

at  Oldbury,  210. 

at  Stockton,  210. 

at  Ditton  Brook,  210. 

oharooa],  Styrian,  258L 

Swedish,  259. 

American,  260. 

coke,  261. 

using  coal,  265,  266. 

— anthracite,  266. 

for  ferro-manganese,  268. 

converting,  826. 

copper  calcining-f  uitiaoe^  420. 

-^  melting-fumaoe^  422. 

rectangular  fnraaoe,  Maarfeld, 

435. 
siz-tuyer  fuznace^  Msasfeld, 

435. 

roasting  fumaoe^  455. 

lead-smelting,    at   Goneroii,  591, 

618. 

Spaniel,  598. 

at  Glausthal,  607. 
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Fumaee,  lead-smeltiDg,  at  Leadvllle,  625. 

merooiy,  old,  at  Idria,  646. 

alitdel,  548. 

continuous  coane  ore,  550. 

fine  ore,  558. 

puddling,  288. 

at  Neuttodt,  295. 

roUtiTe,  297. 

regeneratife,  102. 

temperature  of  eaoaping  gaaee, 

108. 

economy  of  fuel  in,  108. 

— — *  accumulation  of  beat  in,  108. 

material  need  in  eonstruotion 

of;  104. 
surface  of  brickwork  required 

for,  104. 
F.  Siemens  on  improved  reyer- 

beratoiy  chamber  o^  107. 

reheating,  815. 

gw.  818. 

Siemens's,  105. 

silver,  English  refineiy,  048.  • 

German  cupelling,  651. 

Stetefeldt's,  719. 

steel-melting,  829. 

Un,  480. 

sine,  English,  511. 

Belgian,  516. 

Boetius's,  518. 

SUesian,  521, 

Furnace-hoist  at  Newport^  241. 

at  Ayresome,  244. 

Furnaces,    refractory   materials    for, 

108. 
Fusibility  of  metals,  12. 
Fusible  metals,  568. 

Gaarkupfxr,  440,  441. 

Galena,  566. 

antimony  sulphide  in,  566. 

assay  o^  by  an  alkaline  flux  only, 

577. 

by  metallic  iron,  578. 

— -— by  an  alkaline  fli^x  and  me- 
tallic iron,  579. 

in  iron  pots,  581. 

— by    sodium    carbonafte    and 

nitre^  582. 

containing  anUmony,  assay  o^  582. 

— »—  lead  and  silver  in,  566. 

occurrence  of,  566. 

Galleiy  of  the  Palatinate,  556. 

Galvanising,  180. 


Qsnister,  115. 

Gkumierite,  886. 

Gartsherrie,  collection  of  tar,  ftc,  at^  240. 

Gas  calcining  kilns,  197. 

— -  reheating  furnaces,  818. 

Gaseous  fuel,  96. 

Gas-f  uxnaces,  puddling  in,  295. 

Gas-producer,  Siemens's,  98. 

fuel  used  in,  98. 

reactions  in,  100. 

•—temperature  of   gases  from, 

100. 
*—  — -  composition   of   gases  from, 

102. 
Gay-Luasac's,  aseay  of   silver  buUion, 

674. 
Gehlenite,  204. 

Gkllivara,  magnetic  iron  ore  of,  187. 
German  asaay  of  copper  ores^  407. 

roasting,  calcining,  407. 

—  melting  for   coarse  copper, 

407. 

refining,  408. 

foi^e,  281. 

silver  refinery,  651. 

silver,  885,  468. 

varieties  of,  464. 

Gersdorffite,  886. 

Gillot's  basic  open -hearth    method    at 

Faniley,  861. 

—  furnace  lining  materials,  862. 

gas  and  air  ports,  862. 

detail!  of  one  operation,  868. 

—  repairing  air  and  gas  ports, 

868. 
Gibb*s  sodium  sulphate  process,  459. 
Gjers'  calcining-klln,  195. 

soaking-pit,  868. 

Glauberite,  526. 

Glasy  or  glased  iron,  127,  255,  257. 

Gold,  ancient  use  of,  1, 

bullion,  assay  of,  757. 

treatment  of  comet,  758, 

760. 

surohaige,  759. 

efiect  of  copper  in  various 

proportions,  759. 
— — -  lead  necessary  for  cupelling, 

757. 
methods  of  reporting  assays 

of,  760. 

—  assay  by  touch,  760. 

fusion  of,  742. 

jewellery,  process  of  colouring,  761. 
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Gold,  extraction  of,  from  auriferous  vein- 
■tone,  771. 

the  arrastra.  771. 

craahing-roUs,  772. 

pulrericera,  772. 

griszliea   and   Btone-breakers^ 

772. 

stamping-mill,  778. 

amalgamation  in  battery,  774. 

blankets,  775. 

amalgamated  plates,  778. 

cleaning-up,  779. 

amalgamation  of  blanket- 
washings,  &C.,  780. 

tailings,  &C.,  780. 

concentrators,  780. 

retorting,  and  fusion  into  in- 
gots, 781. 

dry  stamping,  788. 

cost  of,  782. 

extraction  of,  Australian  gold-mills, 

788. 

Queensland  gold-mill,  785. 

Hungarian  mill,  787. 

at  St.  John  d'el  Rey.  788. 

use  of  baizes  and  skin,  790. 

at  Pestarena,  792. 

combined  pan  amalgamation 

and  concentration,  796. 

chlorination  process,  798. 

from  copper,  at  Oker,  801. 

in  Colorado,  801. 

native,  748. 

average  finenesses  of,  744. 

composition  of,  748. 

crystals  of,  743. 

in  alluvium,  745,  760. 

in  quartz  veins,  745,  750. 

in  the  United  Kingdom,  746. 

in  France,  747. 

in  Spain,  747. 

inlUly,  747. 

in  Germany,  747. 

in  Austria- Hungary,  747. 

in  Sweden,  748. 

in  Rossia,  748. 

in  Asia  and  Africa,  748. 

iu  the  United  States,  748. 

discovery    of,    in    California^ 

749. 

in  British  North  America,  751. 

in  Mexiooand  Central  America, 

752. 

in  South  America,  752. 


Gkld,    native,    in    Australia  and    New 
Zealand,  752. 

gold^iust.  748. 

nuggets  of,  748. 

occurrence  of,  743. 

ores,  748. 

parting  o^  from  silver,  803. 

plaoer-mining,  762. 

pan,  762. 

cradle,  768. 

tom,  764. 

sluioe,  764. 

hydraulic  mining,  768. 

precipitated,  742. 

production  of,  758. 

— —  properties  of,  742. 

pure,  preparation  of,  805.      *' 

qnarts,  assay  of,  754. 

sampling,  754. 

fusion      with     litharge^ 

sodium  carbonate,  fta,  755. 

fusion  with  red  lesd  w 

litharge,  755. 

cupellation,  755. 

parting,  756. 

refining  by  chlorine  gas,  806. 

smelting  ores  of,  methods  for,  800. 

smelting    and    extraction    of,   in 

Transylvania,  800. 

standards  for  coinage,  760. 

for  plate  and  jewellery,  760. 

values  of,  in  various  oountriei, 

760. 

wire  of  Lyons,  468. 

Gordon-Whitwell-Cowperhot-blaststoTfl^ 
233 

GosUrite,  504. 

Gothite,  184. 

Gozzans,  argentiferous,  660,  667. 

Grauzita  furnace,  556. 

Graphite  in  iron,  126. 

Griitzers  electrolytic    magnesium   pro- 
cess, 584. 

Grecanic,  5. 

Grey  cast-iron,  conversion  of,  into  white, 
278. 

Grey  pig-iron,  126,  254,  257. 

Grizzlies,  772. 

Grosmont,  collection  of  waste  gases  st, 
288. 

Gruner,  Prof.  L.,  on  the  Manh^s  pro- 
cess, 444,  447. 

Guanaxuato,  patio  process  at^  685. 

washing  apparatus  at»  689. 
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Guide-train,  319. 
Guillotine-shears,  314. 

hydraulic,  at  Bloohaim,  370. 

Gun-metal,  463,  487. 

Hadfield*8  manganese  steel,  130. 

Hsamatite,  188, 140. 

Hall-marking,  760. 

Hammer,  German  forge,  284. 

steam,  804. 

Hammered  iron,  318. 

Hammer-scale,  136. 

Hammer,  tilt  and  heWe,  302. 

Hard-head,  composition  of,  482. 

Hardness  of  metals,  9. 

Hasendeyer  furnace,  723. 

Hassenfratz  on  steel-making,  356. 

Haswell's  hydraulic  forging-press,  308. 

Hattchetine  or  mineral  tallow,  148. 

Hawkins's  steel  process,  325. 

Heat  absorbed  for  work  done  in  blast- 
furnaces, 270. 

pyrometrio  degree  or  intensity  of, 

16. 

unit  of,  17. 

waste,  of  puddling  and  re-heating 

furnaces,  828. 

Heath  on  manufacture  of  Wootz,  331. 

Heaton's  refinery  process,  278. 

removal  of  silicon  by,  279. 

analysis  of  material  and  pro- 
ducts of,  279. 

Hedyphane,  568. 

Helve-hammer,  302. 

Hepburn  and  Peterson's  pan,  Washoe 
process,  710. 

Henderson's  process  for  the  extraction 
of  copper,  452. 

refinery  process,  279, 

Hessite,  744. 

Hiendelaencina,  silver  mines  of,  667. 

Hindoo  process  for  manufacture  of  steel, 
881. 

History  of  metallurgy,  1. 

Hoists,  furnace,  at  Ayresome,  244,  246. 

at  Newport,  241. 

Hofiinann  coke-oven,  essential  features 
of,  90. 

air  regenerators  of,  92. 

circulation  of  the  air  and  of 

the  gases  of  the  chaise,  92. 

daily  yield  of  gas,  98. 

yield  of  ammonium  sulphate, 

kc,  94. 


HoflTs,  V.  modification  of  the  cup  and 
cone,  287. 

Holley,  A.  L.,  improvement  of  Bessemer 
converter  by,  854. 

Hollow  fire,  288. 

Homogeneous  metal,  332. 

Homo  de  Gran  Tiro  or  Pavo,  627. 

Hot-blast,  history  of,  224. 

stove,  common,  225. 

circular,  226. 

pistol-pipe,  226. 

at  Neustadt,  228. 

Cowper's,  229. 

Whitwell's,  232. 

temperature  of,  224. 

and  economy  of  fuel,  272. 

Hot  process  of  amalgamation,  692. 

the  cazo,  692. 

at  Catorce,  698. 

Howell  and  White's  furnace,  722. 

Humboldtite,  204. 

Hungarian  mill,  787. 

Hiittner  and  Scott's  furnace,  558. 

Hydraulic  forging-presses,  308. 

mining,  768. 

:  water  required  for,  768, 

work  accomplished  by,  769. 

comparative  cost,  769. 

use  of  gunpowder  in,  770. 

statistics  of,  771. 

Hydrochloric-acid  process  for  copper  ex- 
traction, 450. 

Hydrogen,  calorific  power  of,  20. 

combustion  of,  16. 

Hyposulphite  extraction  processes,  733, 
787. 

lOBiA,  mercury  ores  at*  539. 

method  of  assaying,  542. 

treatment  of  mercurial  ores  at,  old 

process,  545. 

continuous  process,  547. 

• improved  continuous  fur- 
nace, 548. 

roasting    in    reverberatory 

furnace,  556. 

Umenite,  133. 

used  as  fettling,  292. 

Inquartation,  756. 

Iridium,  aUoys  of  platinum  and,  816. 

separation  of,  from  platinum,  814. 

Iron,  alloys  of,  130. 

amorphous,  877. 

ancients  on„  7. 
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Iron  and  carbon,  124,  126. 

and  chromium,  &c.,  130. 

and  hydrogen,  120. 

and  manganeae,  129. 

and  nitrogen,  129. 

and  oxygen,  122. 

and  phosphorus,  128. 

and  silicon,  127. 

and  steel,  analysis  of,  878. 

analysis  of,  Eggerta's  pro- 
cess, 877. 

foreign  metals  in,  877. 

and  sulphur,  12i. 

and  titanium,  130. 

and  vanadium,  180. 

cold-short,  828. 

ciystalliue  form  of,  120. 

electrical  relations  of,  121. 

glwy  or  glajsed,  127. 

ferrous  and  ferric  oxides,  122. 

grey,  white,  and  mottled,  258. 

magnetic  oxide  of,  128. 

indirect  method  of  obtaining,  188. 

manufactured,  production  of,  878. 

merchant,  working    puddled    bar 

into,  814. 

labour  bestowed  on  manu- 
facture of,  817. 

native,  181. 

optical  characters  of,  121. 

ore,  Bilbao,  analyses  of,  148. 

black  sands,  140. 

bog,  184. 

analyses  of,  146. 

Bohners,  146. 

brown,  184. 

older,  142. 

from  the  oolite,  Ac,  148. 

clay  ironstones,  148. 

distribution  of,  149, 

franklinite,  182. 

gothite,  184. 

hsamatite,  188,  140. 

ilmenite,  133. 

kidney,  188. 

lake  ore,  146. 

analysis  of,  146. 

limonite,  184. 

magnetic,  182, 137. 

martite,  138. 

minette,  146. 

purple  ore  or  blue  billy,  186. 

red,  140. 

— -    siderite,  185« 


Iron  ore,  siderite^  distribnlion  of,  147. 

spathic,  distribution  of,  147. 

tap  and  flue  cinders  and  scale, 

186. 

titaniferous,  183,  140. 

turgite,  134. 

Iron  ores,  181. 

aluminous,  152. 

analysis  o^  164. 

estimation  of  water,  164. 

attack  by  hydrochloric  acid, 

164. 

estimation  of  sulphur,  166. 

of  phosphoric  anhydride, 

166. 
of   carbonic  anhydride, 

166. 
determination  of  manganeie, 

166. 

estimation  of  titanic  oxide,  167. 

of  insoluble  residue,  167. 

assay  of,  dry,  164, 

fluxes  required  for,  157. 

crucibles  used  for,  158. 

fluxes  in  Giennan  iron- 
works, 158. 
preparation  of  the  assay, 

158. 

fusion  of  the  assay,  159. 

conclusions  from  colour 

of  slag,  159. 

Swedish  process,  160. 

wet,  160. 

.^_  by  Hargu^te*B  process 

161. 
by  Penny's  process,  161. 

—  _ preparation  of  standard 

solutions,  161. 

solution  of  the  ore,  161 

determination     of    the 

iron,  162. 

—  Berthier's  process  for  the  deter- 
mination of  volatile  matter  in,  156. 

of  earthy  carbonates  in, 

156. 
of  insoluble  matter  in, 

157. 

blaokband  ironstone,  149. 

Cleveland,  151. 

distribution  of,  186. 

manganiferous,  152. 

preparation  of,  184. 

production  of,  and  imports,  153. 

roasting  or  calcination  of,  187. 
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Iron  ores,  roaatiog  in  open  heaps,  188. 

: —  at  KSnigshiitte,  188. 

in  Westphalia,  188, 189. 

in  S.  Wales  and  Staflford- 

shire,  189. 

between  walls,  189. 

in  furnaces  or  kilns,  190. 

smelting  of,  249. 

tertiary  and  poet-tertiary,  145. 

washing,  184. 

weathering  of,  186. 

Iron  plates  and  sheets,  322. 

production  of  manufactured,  873. 

pure,  preparation  of,  119,  120. 

pyrites,  124. 

red-short,  828. 

rust  oxide,  128. 

specific  gravity  of,  120. 

tenacity  of,  120. 

thermal  relations  of,  121. 

tin  plate,  287. 

Jalfaitb,  663. 

Jameson  coke-oven,  94. 

conversion  of  ordinary  beehive 

oven  into,  94. 

yield  of  tar,  &c.,  94. 

Joachimsthal,  process  for  eztraction  of 

bismuth  at,  561. 

von  Patera's  process  at,  733. 

Jones's   method    of    compressing    steel 

ingots,  865. 
Jordan  on  the  heat  developed  in  the 

Bessemer  process,  348. 
Jungfemblei,  601. 

Kamptlite,  568. 

Keith's  electrolytic  lead-refining,  656. 

Kermesite,  489. 

Kernel-roasting,  449. 

Kiln-hoist  at  Ayresome,  246. 

Kilns,  charring  in,  59. 

Kongsberg,  smelting  native   silver  at, 

682. 
Kroncke's  process  of  amalgamation,  719. 
Krupp,  casting  of  steel,  329. 

dephosphorizing  refinery  process, 

280. 

Krupp's  steam-hammer,  306. 

method  of  compressiog  steel  ingots, 

865. 
Kupfergaarherd,  441. 

—  slags  from,  442. 


Kupfemickel,  386. 

Kupferschiefer,  431. 

bumt^  analyses  of,  434, 

Lake  ore,  146. 

Lamy's  pyrometer,  24. 

Langen's  apparatus  for  collectiog  waste 
gases,  237. 

modification  used  at  Horde, 

237. 

Latten,  464. 

Laveissi^re's  modification  of  Pattinson 
process,  639. 

Lead,  ancient  use  of,  8. 

chloride  of,  566. 

coppery,  liquation  of  at  Freiberg 

and  Fnsibram,  634. 

desilverieation  of,  by  cupellation, 

647. 

—  in  English  refinery,  647. 

in  (German  refinery,  651. 

lo«  of  lead,  650,  653. 

fume,  657. 

flues  for  collecting,  657. 

condition  of  lead  in,  657. 

silver  in,  658. 

hard,  634,  655. 

improving  or  softening,  632. 

metallurgy  of,  588. 

native,  565. 

ores,  565. 

assay  of,  575. 

at  the  £cole  des  Mines, 

580. 

in  iron  pots,  581. 

distribution  of,  569. 

in  Austria,  571. 

in  France,  574. 

in  Germany,  571. 

in  Italy,  574. 

in  Spain,  572. 

in  the  United  Kingdom,  570. 

in  the  United  States,  674. 

silver  in,  estimation  of,  583. 

silver  in,  per  ton,  table  for 

calculating,  587. 

oxide  of,  565. 

—^  oxidized  refinery  products,  treat- 
ment of,  655. 

Parkes'  process  for  desilverization 

of,  by  zinc,  641, 

Pattinson's  process  for  desilveriza- 
tion of,  634. 

modifications  of,  638. 
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Lead,  PattioBon*8  process,  crystalllziDgby 

steam  at  Przibram,  640. 

properties  of,  664. 

pure,  preparation  of,  665. 

■  purity  of  commercial,  564. 

aeparation  of  silver  from,  684. 

softening    and    desilverizing    pro- 
cesses, 682. 

softening  of,  at  Pontgibaud,  638. 

Lead-refining,  electrolytic,  656. 
Lead-smelting,  588. 

at  Clausthal,  607. 

at  Coueron,  591. 

treatment  of   siliceous    lead 

ores,  616. 

at  Leadville,  623. 

at  Pontgibaud,  611. 

Bleiberg  process,  600. 

Cornish  process,  596. 

Flintshire!  process,  589. 

in  blast-fu^aces,  608. 

in  reyerberatory  furnaces,  589. 

with  metallic  iron,  602. 

in  shallow  hearths,  628. 

in  the  American  hearth,  682.      * 

in  the  backwoods  hearth,  628. 

in  the  Castilian  furnace,  605. 

in  the  flowing  furnace,  597. 

in  the  Homo  de  Gran  Tiro  or  Pavo, 

627. 
in  the  ore-hearth  or  Scotch  furnace, 

628. 
in  the  Spanish  furnace  or  boliche, 

598. 
roasting  of  ores,  and  subsequent 

smelting  with  metallic  iron,  611. 

slag-hearth,  608. 

Spanish,  605. 

smelting  raw  ores  with  metallic 

iron,  607. 
Leadville,  lead-smelting  at,  623. 

ores  treated  at,  623. 

fuel  and  fluxes,  623. 

circular  or  Pilz  furnace,  624. 

rectangular  furnace,  624. 

water-jackets  of,  624. 

blowing-in  furnace,  626. 

charging  furnace,  627. 

consumption  of  fuel,  &c.,  627. 

Lift  at  Newport  Iron-works,  241. 

water-balance,  243. 

Lifts  or  hoists,  241, 

Lignite  or  brown  coal,  40. 

— —  ash,  composition  of,  42. 


Lignite  or  brown  ooaT,  composition  of,  41. 

—  occurrence  of,  40. 

Lime  as  a  flux  in  blast-furnaces,  199. 
as  a  refractory  material,  110. 

decomposition   of    mercurial  ores 

by,  556. 

Limestone  as  a  flux  in  blast-f  umaoes,  198. 

Limonite,  125,  134. 

Linares,  boliches,  or  Spanish  foraaces  at, 

599. 
Linarite,  568. 
Liquation  in  the  Mansfeld  district,  442. 

of  coppery  lead  &t  Freiberg  and 

Prmbram,  634. 

of  sulphide  of  antimony,  492. 

of  tin,  481. 

Liquation-furnace,  bismuth,  560. 

Liquationrhearth,  443. 

Litharge,  583. 

assay  of  silver  ores  by  fusion  with, 

668. 
determination  of  calorific  power  by, 

28. 

reduction  of,  from  refinery,  655, 

656. 

Lanelly,  deulverization  of  lead  by  zidc 
at^  641. 

Llansamlet,  Silesian  zinc  furnace  at,  521. 

Lofistairon,  328. 

LoUmgite,  498. 

Longmaid*s  processes  of  copper-extrac- 
tion, 451,  453. 

Lorraine  stove,  229. 

Lucca's  patent  for  cementation  of  east- 
iron,  370. 

for  manufacture  of  steel,  325. 

Luce  and  Bozan's  modification  of  Pattin- 
son's  process,  640. 

Lustre  of  metals,  9. 

Magistral,  687. 

Magnesia  as  a  refractory  material,  110. 

methods  of  obtaining,  364. 

Magnesium,  Deville  and  Caron's  process 
for  obtaining,  532. 

Gratzel's  method  of  obtaining  534. 

impurities  in,  removal  of,  534. 

metallurgy  o^  682. 

— s —  minerals  containingi  532. 

properties  of,  532. 

Magnetic  iron  ore,  132. 

distribution  of,  187. 

British,  139. 

foreign,  188. 
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Magnetic  pyrites,  124. 

Malachite,  895. 

Malayan  Peninsula^  tin-sineltiDg  io,  484. 

Maldonite,  745. 

Malleability  of  metals,  10. 

Malleable  iron,  carbon  in,  126. 

direct  preparation  of,  168. 

in  Borneo,  170. 

in  Burma,  169, 

in  India,  169. 

in  Blair's  process,  181. 

in  Chenot's  process,  180, 

in  Clay's  process,  179. 

in  natiye  forges,  16&. 

in  Siemens's  process,  181. 

in  American  bloomery,  175. 

in  the  Braailian  process,  177. 

in  the  Catalan  forge,  171. 

in  the  Corsioan  process,  176. 

in  the  Italian  forge,  178. 

in  the  StUckofen,  178. 

preparation  of,  by  the  reverberatory 

process,  288. 
from  cast-iron  in  open  fires, 

280. 
Manganese  and  iron,  129. 

in  iron  and  steel,  estimation  of,  374. 

Manganese-bronze,  464. 
Manganiferous  iron  ores,  162. 

pig-metal,  264,  257. 

Manhte  process  of  copper-smelting,  444. 

failure  of  early  attempts,  446. 

plant  for,  at  Eguilles,  446. 

ores  treated  at  Eguilles,  446. 

composition    of    copper   obtained, 

447. 

compared  with  Welsh  process,  447. 

operations  now  obtaining,  448. 

recent  form  of  converter,  448. 

Mannheim  gold,  463. 

Mansfeld,  composition  of  copper  mattes 

in,  728. 

.  copper  mines  of,  431. 

treatment  of  copper  schists,  482. 

composition  of  kupferschiefer,  482. 

fuel  employed,  482. 

burning  the  schist,  433. 

smelting  for  production  of  rohstein, 

434. 
— --^  blast-furnaces  used,  434,  436. 

roasting  coarse  metal,  488. 

— .  melting  for  fine  metal,  439. 

grinding  fine  metal,  439. 

roasting  ground  fine  metal,  439. 


Mansfeld,  dissolving  out  sulphate  of  silver 

Ac,  440. 

refining  desilverized  residues,  440. 

treatment  of  slags,  441. 

production  of  copper  silver  in  1884, 

441. 

obsolete  processes,  441. 

liquation  at,  442. 

Augustin's  process  at,  724. 

fflervogel's  process  at,  727. 

Marcasite,  124. 

Marchese  process  for    treating    copper 

mattes,  462. 
Marguerite's  process  for  estimating  iron, 

161. 
Marquette,  charcoal  blast-furnaces  at, 

260. 
Martite,  133. 

Massick  &  Crooke's  fire-brick  stoves,  233. 
Massicot,  665. 

M'Cone,  Horn,  and  Fountain's  pans,  711. 
Melaconite,  391. 
Melanochroite,  569. 
Melilite,  204. 
Melting-shop,  steel,  329. 
Mendipite,  666. 

Menelaus  on  mechanical  puddling,  298. 
Merchant-iron,  coal  consumed  in  making, 

817. 

qualities  of,  317. 

working  puddled-bar  into,  314. 

Mercury,  ancient  use  of,  3. 

alloys  of,  536. 

commercial,  635. 

purification   of,    by  distilla- 
tion, 536. 

■ by  nitric  acid,  635. 

extraction  of,  from  cinnabar,  543. 

— ' principal  methods  of,  643. 

condensers,. 644. 

roasting  in  mounds,  644. 

roasting  in  kilns,  545. 

at  Idria,  645. 

at  Almaden,  548. 

at  New  Almaden,  649. 

in  reverberatory  furnaces,  556. 

metallurgy  of,  543. 

ores,  536. 

assay  of,  640. 

decomposition  of,  by  lime,  566. 

distribution  of,  637. 

production  of,  640. 

properties  of,  634. 

uses  of,  536. 
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Metaeinnabar,  637. 

Meteorites,  131. 

composition  of,  132. 

Mexican  process  of  amalgamation,  683. 

Meyer  on  oodusion  of  gases  in  coal,  49. 

Michigan,  charcoal  blast-furnaces  in,  261. 

Mill  and  forge,  distinction  between,  302. 

Miller's  process  for  refining  gold,  806. 

generation  of  chlorine,  807. 

separation  of  gold  from  silver  chlo- 
ride, 808. 

results  a£forded  by,  808. 

fineness  of  gold  and  silver  obtained, 

809. 

Millerite,  148,  886. 

MiU-piles,  813. 

Mill-rolls,  311,  318. 

roughing  and  finishing,  318. 

MiU,  slitting,  323. 

Mimetesite,  568. 

Minette,  145. 

Mine-pig,  128. 

Mispickel,  382. 

Mitis-metal,  871. 

Montana,  refractory  ores  in,  722. 

Montefiore  on  fusion  of  nickel,  389. 

Morro  Yelho  mines,  792. 

Mosaic  gold,  463. 

Moser's  gas  calcining-kiln,  197. 

Mottled  pig-iron,  254. 

MuntE's  metal,  467. 

Muffle,  584. 

Miisen,  coke-furnaces  of,  262. 

Mushet  on  the  charcoal  yield  of  wood, 
68. 

Mushet*s  steel,  325,  332. 

Naotaoite,  744. 
Native  antimony,  488. 

bismuth,  668. 

copper,  890. 

gold,  743. 

iron,  131. 

lead,  665. 

mercury,  536. 

platinum,  810. 

silver,  659. 

einc,  501. 

Nail-rods,  slitting  of,  323. 

Needle  ore,  559. 

Nenstadt,  gas  puddling-fumace  at,  296. 

hot-blast  stove  at,  228. 

New  Almaden,  extraction  of  mercury  at, 
549. 


New  Almaden,  classes  of  ore  treated,  549. 

intermittent  furnace,  560. 

continuous  coarse  ore  fur- 
naces, 560. 

charging  apparatus,  552. 

method  of  working,  553. 

continuous  fine  ore  furnace, 

658. 

method  of  working,  565. 

yield  of  mercury  at,  540. 

Newark,  spiegeleisen  made  at,  268. 

Newport,  lift  at,  241. 

blast-furnaces  at,  263. 

Newton's  patent  for  making  steel,  325. 

Nickel,  386. 

and  cobalt,  estimation  of,  382. 

fusion  of,  889. 

metallurgy  of,  887. 

ores  of,  386. 

oxide,  reduction  of,  388. 

Nitrogen  and  iron,  129. 

in  coal,  89. 

in  steel,  321. 

North  of  England,  blowing-engines  in,  222. 

coke-ovens  in,  77. 

Northamptonshire,  blast-f  nmaoes  in,  266. 

Noumeite,  386. 

Obuchow*s  steel  process,  357. 

Occlusion  of  gases  in  coal,  48. 

Ochres  and  umbers,  135. 

Oersted's  method  of  preparing  aluminium, 
529. 

Oker,  extraction  of  silver  and  gold  from 
copper  at,  801. 

parting  of  gold  from  silver  at^  804. 

Oldbury,  blast-furnace  at^  210 

Oldhamite,  131. 

OligiBte,  123,  133. 

Olivine,  204. 

Ollaria,  6. 

Onofrite,  537. 

Oolites,  brown  iron  ores  o^  144. 

Opacity  of  metals,  9. 

Open  fires,  production  of  steel  in,  333. 

Open-hearth  and  Bessemer  processes  com- 
bined, 366. 

basic,  steel  process,  860. 

or  Siemens-Martin    steel   process, 

867. 

newer  forms  of,  358. 

Pemot*s  furnace,  859. 

Batho*s  furnace,  860. 

F.  Siemens's  modification,  86(^ 
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Ore-famace  slag,  421. 

Ore-beaith,  lead-smelting  in,  628. 

Ores  of  antimony,  488. 

of  bismuth,  658. 

of  cobalt,  881. 

of  copper,  890. 

of  iron,  131. 

of  lead,  665. 

of  mercury,  636. 

of  nickel,  386. 

of  silrer,  659. 

of  tin,  469. 

of  zinc,  600. 

Orichalcum,  6. 

Ormesby,  blast-furnaces  at,  263. 

Osmiridium,  casting  into  plates,  817. 

separation  of  platinum  from,  816. 

uses  of,  816,  817. 

Osmium,  separation  of  platinum  from, 
816. 

Osmund  iron,  179. 

Otto  coke-oven,  90. 

Ovens,  coke,  74. 

Over-poled  copper,  426. 

Oxland  and  Hocking's  calciner,  476. 

Ozland'e  process  for  separation  of  tung- 
sten from  tin  ores,  479. 

Packpoko,  463. 

PacoB,  660,  663,  667. 

Palatinate,  gallery  of,  566. 

Palladium,  separation  of  platinum  from, 

814. 
Pan    amalgamation    and    concentration 

combined,  796. 
Pan,  gold-washing  in,  762. 
Pans,  Washoe  amalgamation  process,  706. 

Vamey's,  707. 

Hepburn  and  Peterson's,  710. 

M*Cone,  Horn,  and  Fountain's,  711. 

charging  of,  711. 

heating,  711. 

addition  of  mercury,  711. 

use  of  chemicals,  712. 

Berdan's,  787.. 

Parkes's  process  for  desilverization    of 

lead,  641. 

at  LlaneUy,  641. 

modifications  of,  642. 

proportion  of  zinc  required, 

643. 

. dezindfication  of  the  lead,  643. 

. Flach's  improvements  on,  644. 

Corduri^'s  modification  of,  646. 


Parkes's  process,  treatment  of  oxides  pro- 
duced, 646. 

in  the  United  States,  645. 

Balbach's  modification  of,  646. 

Parting  of  gold  from  silver  by  sulphuric 
acid,  803. 

by  nitric  acid,  804. 

double  process  of,  804. 

in  Qermany,  805. 

— —  of  silver  from  gold,  756. 
Parry's  refinery  process,  277. 

analyses  of  metal  and  slag,  278. 

Patera's,   v.,  process  for  silver  extrac- 
tion, 733. 

roasting,  733. 

lixiviation  with  water,  784. 

with    sodium    hyposul- 
phite, 734,  737. 
_  »— ^  time  occupied  in  lixiviation, 
736. 

precipitation  of  silver,  736. 

preparation  of  the  precipitants, 

736. 

ailver  obtained  by,  736. 

cost  of,  &C.,  736. 

treatment  of  silver  sulphide, 

736. 

residues,  737. 

Patio  process  for  extraction  of  silver, 
683. 

rough  stamping,  684. 

fine  grinding,  685. 

at  Giianaxuato,  686. 

at  Zacateoas,  686. 

yield  of  gold  by,  686. 

the  patio,  686. 

magistral  and  mercury  added, 

687. 

.^_ assay  or  tentadura,  688. 

treading  of  the  torta,  689. 

washing,  689. 

— : filtration  of  amalgam,  690. 

retorting  of  amalgam,  691. 

results  obtained  by,  691. 

chemical  reactions  of,  692. 

Patrinite,  669. 

Pattinson's  process  for  desilverizing  lead, 

634. 

method  of  thirds,  636. 

at  Pontgibaud,  686. 

■         by  manual  labour,  687. 

by  use  of  cranes,  637. 

method  by  eighths,  638. 

modifications  of,  638. 
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Pattinaon's  proeeae,  sysUme  Layeini^re, 
639. 

cryatalliring  by  steam,  640. 

Panwela  and  Duboohet's  coke-oveD,  81. 

Peat  and  turf,  84. 

ash  of,  S5,  38. 

charcoal  yielded  by,  65. 

chairing  of,  at  Crouy-sur-Oaroq,  66. 

by  superheated  steam,  67. 

in  heaps,  65. 

in  ovens,  66. 

compressed,  68. 

cutting  of,  84. 

dredging  of,  85. 

elementary  composition  of  dry,  35. 

obstacles  to  the  use  of,  36. 

—  occurrence  of  copper  in,  38. 

of  iron  pyrites  in,  38. 

of  organic  salts  of  calcium  in, 

87. 

origin  o^  84. 

processes  for  improvement  of,  36. 

water  in  air-dried,  85. 

Peat-charcoal  or  peat-coke,  64,  68. 

Pennsylvania,  blast-furnaces  in,  266, 
268. 

Penny's  process  for  estimating  iron,  161. 

Pentlandite,  886. 

Perak,  tin  furnace  at,  484,  485. 

Pemolet's  coke-oven,  83. 

chief  features  of,  88. 

products  obtained  by,  88. 

charge  of,  86. 

condenser  applied  to,  86. 

washers,  87. 

treatment  of  impure  coal  in, 

88. 

Pernot^s  open-hearth  furnace  for  steel- 
making,  359. 

working  of  a  chaige  in,  860. 

newer  forms  of,  360. 

Pestarena  mines,  747,  772. 

arrastra  amalgamation  at,  792. 

character  of  deposits  at,  792,  796. 

Francfort  mill  at,  793. 

results  obtained  at,  796. 

Petsite,  744. 

Pewter,  487. 

Phosphor-bronze,  464. 

Phosphorus  and  iron,  128. 

in  the  Bessemer  converter,  349. 

in  basic  Bessemer  cinder,  854. 

in    iron  and  steel,  estimation  of, 

875. 


PhosphoruB  in  pig-metal,  256. 

removal  of,  from  pig-iron,  279. 

Pig-bed,  252. 

Pig-boiling,  288. 

Pig-iron,  grey,  258,  254,  257. 

composition  of,  257. 

fuel  required  for  different  kinds  of, 

272. 

production  of,  373. 

removal  of  phosphorus  from,  279. 

manganiferous,  254,  257. 

phosphorus,  256. 

siliciferous,  255. 

strength  of  British,  256. 

strong-and  weak-mottled,  254. 

Thomas,  256. 

varieties  o^  253. 

white,  253,  254. 

Piles  in  re-heating  furnace,  316. 

for  plates  and  sheets,  322. 

for  rails,  317. 

Pila  furnace,  624. 

Pimple-metal,  424. 

Pinchbeck,  463. 

Pisolitic  iron  ore^  135. 

Pistol-pipe  stove,  226. 

Placer-mining,  762. 

Placers,  deep  and  shallow,  750. 

Plates  and  sheets,  distinction  between, 

322. 

piles  for,  322. 

rolling  of,  320. 

compound,  manufacture  of,  370. 

Platinum,  alloys  of,  816. 

analyses  of,  811. 

distribution  of,  810. 

estimation  of,  812. 

metallurgy  of,  813. 

native,  impurities  of,  811. 

occurrence  of,  811. 

production  of,  812. 

properties  of,  809. 

uses  o^  815. 

Platinum-black,  810. 

Plattner's  process  for  extraction  of  gold, 

798. 
Pliny  on  ancient  metallurgy,  1-^. 
Plumbo-resinite,  569. 
Plumbum  oandidum  and  nigrum,  4. 
Plymouth  Ironworks,  blast-furnace  at, 

205. 
Poling,  425,  481. 
Polybasite,  661. 
Polyxene  elements,  811. 
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PoDBftrd's  gajB  re-heftting  funiaoe,  818. 
PontgibAud,  lead-smeltiDg  at,  611. 

oalciniDg  and  fluxiog,  611. 

lit  de  grillage,  611. 

reyerlMratory  furnaces,  612. 

smelting,  612. 

lits  de  fusion,  612. 

losses  of  lead  and  silTer,  614,  615. 

treatment  of  fume,  614. 

lead  and  silyer  produced  at,  616. 

water-jacket  furnaces  at,  616. 

Potassium  cyanide,  assay  of  copper  ores 

by,  410. 
Potassium,  preparation  of,  527. 
Precipitation  of  copper  by  zinc  or  iron, 

409. 
Precipitation  of  metals  from  solutions, 

10. 
Price  and  Nicholson's  steel  process,  857. 
Prillons  of  tin,  482. 
Prince's  metal,  463. 
Printers'  blue,  885. 

type,  metal  for,  14,  487. 

Proustite,  662. 

Pryce  on  tin-smelting,  483. 

Pndbram,  desilverization  of  lead  at,  640. 

Puddled  bar,  312. 

working  of,  into  merchant-iron,  814. 

Puddled  iron,  yield  of,  814. 
Puddled  steel,  835. 

iron  most  suitable  for,  836. 

furnace  used  for  manufacture  of, 

386. 

fluxes  used  in  manufacture  of,  836. 

action    of    highly   oxidijsing   slags 

upon,  836. 

stirring  of,  337. 

deductions    from    appearance    of 

charge,  887. 

balling  and  shingling  of,  337. 

time  occupied  in  working  a  heat, 

887. 

treatment  of  balls,  888. 

loss  of  iron,  838. 

Puddling  of  iron,  288. 

fuel  used  for,  288. 

reactions  of,  288, 

wet,  288. 

operations  included  in,  292. 

method  of  operating,  292. 

melting  the  charge,  298. 

mixing  the  iron  and  slag,  298. 

elimination  of  the  carbon,  293. 

balling,  294. 


Puddling  of  iron,  dry,  288,  294. 

of  steel,  consumption  of  fuel  in, 

888. 
Puddling-fumace,  288. 

lining  of,  291. 

charge  of,  294. 

coal  consumed  iu,  294. 

rotatire,  Tooth's,  297. 

Menelaus's,  298. 

Danks's,  298. 

Spencer's,  801. 

Puddling-fumaces,  gas,  295. 

at  Neustadt,  295. 

in  Carinthia,  295. 

Siemens's    regenerative    gas* 

furnace,  297. 
Puddling-rolls,  811. 
Puddling-train,  311. 
PulTerizers,  772. 
Purple  ore,  136,  292,  458. 
Pyrargyrite,  662. 
Pyrometer,  Bystrom's,  22. 

Lamy's,  24. 

Schinz's,  24. 

Siemens's  electric,  24. 

pyrometric  alloys,  Prinsep'a,  816. 
Pyrometric  degree  of  heat,  16. 
Pyromorphite,  568. 
Pyrrhotine,  124. 

QuEBVSLAND  gold  stampiug-mill,  785. 
Quickailyer,  native,  586. 

Rabblss,  puddling,  293. 

mechanical,  297. 

Rail-piles,  817. 

Rails,  manufacture  of,  867. 

remoTal  of  rough  ends  from,  814. 

Rammelsbergite,  886. 
Ramsbottom's  cogging-mill,  319. 
Raw  steel,  833. 
R^umur  on  manufacture  of  steel,  325 

856. 
Rectangular  furnace^  Leadville,  625. 
Red  iron  ores,  analysis  of,  142. 

distribution  of,  110. 

Redruthite,  891. 
Red-short  iron,  180,  323. 
Refinery  at  Bowlais,  273. 

melting-down,  275. 

charge  worked  in,  276. 

action  of  slag  in,  276. 

time    occupied    in   working 

charge,  276. 
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Refinery,  running-in,  276. 

blast  required  for,  277. 

weekly  produeUon  of,  277. 

fluxes  used  in,  277* 

Eck'fl,  277. 

Refinery-procesB,  in  Carinthia,  277. 

Beaton's,  278. 

Henderson's,  279. 

Parry's,  277. 

Refinery-procdssei^  dephosphorizing,  279. 

Befinery-slag  copper,  426. 

Refining  of  oopper  by  electrolysis,  459. 

of  gold  by  chlorine  gas,  806. 

of  iron,  278. 

by    the    oxidation    of   thin 

plates,  273. 

in  open  fires,  281. 

of  silver,  in  English  refinery,  647. 

—  —  in  Qerman  refinery,  651. 
Refractory  materials  for  furnaces  and 

crucibles,  108. 
"  Dinas  clay "  and  ganister, 

116. 

fire-clays,  109. 

British,  composition  of, 

111. 
foreign,  composition  of, 

112. 

— plastic  property  of,  110. 

fire-stoues,  108. 

lime,  magnesia,  &o.,  110. 

siliceous  sand,  109. 

testing  fusibility  of,  117. 

gold  and  silyer  ores,  664. 

Regenerative  furnace,  102. 

economy  of  fuel  in,  108. 

accumulation  of  heat  in,  108. 

brickwork  required  for,  104. 

F.  Siemens  on  reverberatory 

chamber  of,  107. 

Siemena's,  98. 

Regulare,6. 

Regule  copper,  428. 

Re-heating  furnace,  description  of,  106, 

816. 
time  occupied  in  working  heats, 

316. 

weight  of  piles  for,  317. 

Re-heating  furnaces,  gas,  818. 
Beichenstein,  preparation  of  arsenic  at, 

498. 
Retorting  of  auriferous  amalgam,  781. 
of  amalgam,  Washoe  process,  716, 

716. 


Reverberatory    process    for    preparing 

malleable  iron,  288. 
Rhenish  Pnusiay  blowing-engines  In,  228. 
Riffles,  763,  766,  776,  784,  786. 
Riley  on  homogeneity  in  steel,  866. 
Rinman's  green,  385. 
Rio  Tinto,  898,  400,  449,  741. 
Roaster-slag,  424. 
Roasting-fumace    for   burnt    eupreons 

pyrites,  456. 
Roasting-kiln  at  Altenberg,  198. 

at  Dowlais,  198, 

in  Styria,  191. 

of  Qjers,  in  Cleveland,  195. 

Rogers  on  manufacture  of  charcoal  and 

coke,  74.     . 
Rolling-mills,  819. 
—  three-high  train,  819. 

size  and  speed  of,  820. 

Ramsbottom's,  319. 

Wagner's,  819. 

for  plates  and  sheets,  820. 

Rolls,  crushing,  185. 

mill,  318. 

puddling,  311. 

Roll-scale,  136. 
Rosette  oopper,  441. 

toughening  of,  442. 

Rotative  puddling  furnaces,  297. 

Rouge,  128. 

Rumford's  calorimeter,  18. 

table  of  calorific  powers  of  woods, 

21. 
Run-steel,  871. 

Russell's  process  for  silver  extzttction,  737* 
Rust,  128. 

St.  Helen's,  copper-smelting  at,  429. 
St^  John  d'el  Rey,  amalgamation  M,  768. 

mines,  762,  778. 

San  Domingos,  398,  400,  449,  458,  454. 

Sanders,  482. 

Scale-oxide,  124 

Scheibler's  method  of  obtaining  magnesia, 

864. 
Schemnitz,  Hungarian  miU  at,  787. 
Schinz's  pyrometer,  24. 
Schlich,  645. 
Schnabel  on  oxides  produced  in  Parkes'a 

process,  646. 
Schneeberg,  extnu^tion  of  bismuth  at, 

660. 
Schreibersite,  181. 
Scorifioation,  669. 
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Scotland,  coal  in  blaBt-furuacea  in,  266. 
Scottish  ore-hearth,  628. 
Senarmontite,  489. 
Separators,  Washoe  process,  712. 
Settling  tanks,  Washoe  process,  706. 
Shaking  apparatus  for  silvdr  assay,  679. 
Sharp-slags,  429. 
Shears,  818. 

7  guillotine,  314. 

Shear-steel,  827. 

Siderite,  186,  147. 

Siegen  district,  steel-making  io,  885. 

Siemens,  F.,  on  open-hearth  furnace,  860 

on  regenerative  furnace,  107. 

Siemens-Martin  process  for  making  steel, 

367. 
Siemens's  electric  pyrometer,  24. 

gas-producer,  98. 

^.fuel  used  in,  98. 

reactions  in,  100. 

temperature  of  gases,  100. 

ore  process  for  decarburizmg 

pig-iron,  871. 
process  for  direct  reduction  of  iron 

ores,  181. 

description  of  apparatus,  182. 

working  of  apparatus,  182. 

regenerative  furnace,  98. 

r  puddling  in,  297. 

Silesian  process  for  extraction  of  zinc, 

620. 

description  of  furnace,  621. 

manufacture  of  retorts,  622. 

starting  new  furnace,  628. 

ores  treated  by,  623. 

charging  the  retorts,  624. 

ore  treated  at  Llansamlet,  524. 

duration  of  furnace,  624. 

re-melting  the  zinc,  624. 

gas-furnaces  introduced,  626. 

Silicate  cotton,  204. 

Silicates  of  blast-furnace  slags,  200. 

Siliciferous  pig-iron,  266. 

Silicite,  127,  256. 

Silicon  and  iron,  127. 

in  steel  castings,  866. 

estimation  of,  in  iron  and  steel,  874, 

879. 

in  Bessemer  process,  848. 

Silver  amalgam,  native,  660. 

ancients  on,  1,  4. 

bullion,  fire  assay  of,  671. 

volumetric  assay  of,  674. 

chloride  of,  668. 


Silver,  estimation  of,  in  lead  ores,  688. 

by  cupellation,  588. 

in  galena,  average  amount  of,  666. 

— I —  extraction  of,  by  amalgamation,  683. 

Mexican  or  patio  process,  683. 

stove  amalgamation,  692. 

hot  process  of  amalgamation, 

692. 

barrel  amalgamation,  694. 

Washoe  process,  699. 

Stetefeldt  furnace,  719. 

in  Montana,  722. 

extraction  of,  by  the  wet  way,  724. 

by  Augustin's  process,  724. 

by  Claudet's  process,  788. 

in  Colorado,  782. 

— by  Russell's  process,  787. 

by  V.  Patera's  process,  783. 

by  Ziervogers  process,  727. 

extraction  of,  from  copper  at  Mans- 

feld,  442. 

at  Oker,  801. 

from  lead  in  English  refinery, 

647. 

in  Qerman  refinery,  651. 

Pattinson's  process,  684. 

— ' modifications  of,  688. 

choice  of  methods,  681. 

iodide  of,  663. 

metallurgy  of,  681. 

native,  669. 

smelting,  682.' 

— -  ore,  brittle,  661. 

ruby,  662. 

ores,  659. 

assay  of,  668. 

by  fusion  with  litharge, 

668. 
by    fusion    with    nitre, 

669. 

—  by  scorifieation,  669. 

classification  of,  668,  664. 

distribution  of,  664. 

smelting,  682.-     — 

yield  of  silver,  687,  664,  681. 

parting  of  gold  from,  808. 

plate  of,  obtained  by  cupeUatiou, 

660. 
production  of,  in  Austria-Hungary, 

665. 

in  France,  665. 

in  the  German  Empire,  665. 

in  Italy,  666. 

— in  North  America,  666. 


844 


INDEX. 


Silver,  production  of,  in  Norway  and 
Sweden,  664. 

in  Ruisia,  665. 

in  South  America,  667,  668. 

in  Spain,  665. 

in  the  United  Kingdom,  664. 

in  the  world,  668. 

propertiea  of,  658, 

sterling  or  standard,  672. 

volatility  of,  686. 

yield  of,  table  for  calculating  assays, 

687. 

Simon-Carv^  coke-oven,  89. 

Single-shear  steel,  329. 

Siag.hearth,  603. 

men  employed  in  working,  604. 

use  of  tap-cinder  in,  605. 

Spanish,  605. 

Slag- wool,  204. 

Slags,  blast-furnace,  198. 

Slitting-miU,  323. 

Sluice  for  gold-washing,  764. 

riffles  in,  765. 

use  of  mercury  in,  766. 

amalgamated  copper  plates  in,  766. 

•  deaning-up,  767. 

treatment  of  amalgam  from,  767. 

ground,  768. 

Smalts,  preparation  of,  384. 

Smaltine,  381. 

Smithsonite,  602. 

Snelus,  discovery  of  the  principle  of  the 

basic  Bessemer  process  by,  350. 
Soaking,  process  of,  in  silver-smelting, 

683. 
Soaking-pit,  Qjers',  367. 
Sodium,  Deville's  process  for  obtaining, 
527. 

hyposulphite,  copper  assay  by,  418. 

•  metallurgy  of,  627. 

minerals  containing,  626. 

properties  of,  626. 

Solder,  463,  487. 

South  Staffordshire,   blast-furnaces    of, 

262. 
Spanish  lead  furnace,  698. 
Spathic  iron  ore,  136. 

• -: distribution  of,  147. 

analysis  of,  148. 

Specific  gravity  of  alloys,  14,  15. 

of  charcoal,  63. 

of  metals,  9. 

of  wood,  31. 

heat  of  metals,  13. 


Specular  iron  ore,  140. 
Speiss  or  speise,  383,  387. 
Spelter,  606. 

analyses  o^  499. 

Spencer's  revolving  puddling  machine. 

301. 
Sphssrosiderite,  135. 
Spiegeleisen,  129,  255,  257. 

composition  of  charges  for,  261. 

blast-furnaces  for,  in  New  Jersey, 

268. 

use  of,  in  Bessemer  process,  344. 

Spinel,  204. 

Spitzkasten  and  SpitBlutte,  781. 

Sponge-iron  for  precipitating  copper,  459 

Spring-steel,  327. 

Squeezers,  306. 

reciprocating,  307. 

rotaiy,  307. 

Winslow's,  310. 

Stamping,  dry,  783. 
Stampmg-mDl,  gold  and  silver,  773. 

arrangement  of  stampers,  774. 

general  arrangement  of,  775. 

deep  and  shallow  stamping,  778, 789. 

Australian  gold,  783. 

Queensland  gold,  785. 

Washoe  process,  701. 

rotatory  motion,  704. 

weight  of  stampers,  705. 

water  required,  705. 

dry-crushing,  705. 

Stannum,  4. 

Star-  or  French-metal,  493. 

Steam-hammers,  304. 

single  and  double  acting,  304. 

weight  of,  304. 

small,  305. 

Condie's,  305. 

at  Woolwich  Arsenal,  306. 

foundations  for,  306. 

in  France  and  Italy,  306. 

foundation  for  Krupp's,  306. 

Steam-shears,  314. 
Steel,  ancient  use  o^  7. 

and  iron,  analysis  of,  378. 

Eggeria's  processes  for, 

377. 

foreign  metals  in,  877. 

Bessemer,  analyses  of,  349. 

carbon  in,  848. 

classification   of,  in   Austria, 

347. 
in  Sweden,  847. 
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Steel,  blister,  828. 

carbon  in,  126. 

cast,  crucible,  329. 

castings,  866. 

composition  of,  views  on,  824. 

compressed,  365. 

hardening  and  tempering  of,  371. 

homogeneity  in,  866. 

ingots,  Gjers*  soaking-pit  for,  867. 

manipulation  of,  867. 

manipulation  of,  at  Blochaim, 

868. 

spongy  structure  of,  365. 

properties  of,  824. 

puddled,  835. 

rails,  manufocture  of,  367. 

shear,  827. 

spring,  8^7. 

production  of,  878. 

Steel-making,  methods  of,  824. 

by  direct  reduction  of  iron  ores, 

824. 
by  addition  of  carbon  to  malleable 

iron,  825. 

Hindoo  process,  831. 

Chenot's  process,  832. 

Mushet*s  steel,  882. 

by  partial  decarburization  of  cast- 
iron,  333. 

in  open-hearths,  833. 

Bessemer*s  process,  838. 

Uchatius*s  process,  855. 

by  fusion  of  a  mixture  of  cast-iron 

and  wrought-iron,  856. 

in  England  in  1812,  866. 

Obuchow's  process,  357. 

^Attwood's  and  Brown's  patents, 

357. 
Price  and  Nicholson's  process, 

357. 

open-hearth  process,  857. 

basic  open-hearth  process,  860. 

Stephanite,  661,  666. 

Stetefeldt  furnace  for  chloridizing  silver 

ores,  719,  728. 

preparation  of  the  ore,  720. 

feeding  apparatus  for,  720. 

Stibium,  8. 

Stibnite,  488. 

Stockton,  blast-furnace  at,  210» 

Stone-breakers,  185,  772. 

Store  amalgamation,  692. 

Strakes,  concentration  by,  789» 

Stream^tin,  470. 


Stromeyerite,  663. 

Strong's  water-gas  producer,  108. 

Stuckofen,  178. 

Earsten's  analysis  of  slag  from,  179. 

in  Finland,  179. 

deyelopment  of,  into  blast-furnace, 

183. 

Styria,  charcoal  furnaces  of,  258. 

Styrian  gas  caldning-kiln,  197. 

process  for  steel-making,  838. 

Sulphur  Bank,  CaL,  deposition  of  ciuna«> 
bar  at,  588. 

Sulphur,  estimation  of,  Calvert  on,  26. 

in  iron  and  steel,  874. 

Eggertz's    process    for, 

879. 

in  coal,  89. 

Sweden,  charcoal-burning  in,  58. 

manufacture  of  iron  in  charcoal- 
hearth  in,  287. 

Swedish  charcoal  blast-furnace,  214, 
259. 

gas-kiln,  197. 

iron  and  steel,  Eggertz  on  carbon 

in,  378. 

Sylvanite,  744. 

Tailings,  gold-mill,  780. 

■ Washoe  process,  716. 

Tap-cinder,  291,  316. 

Tar,  &C.,  collection  of,  from  charcoal- 
kilns,  62. 

from  coke-ovens,  81,  94. 

from  waste  gases,  240. 

from  water-gas  producer,  108. 

Stockholm,  59. 

Telluride  ores,  744. 

Tellurium,  foliated,  744. 

graphic,  744. 

Tempering  of  steel,  372. 

Tenacity  of  metals,  11. 

Terre  Noire,  ferro-manganese  furnace  at, 
269. 

Test,  preparation  of,  for  refioing,  647. 

Tetradymite,  559. 

Tetrahedrite,  393,  537,  663. 

Tharsis,  898,  400,  449. 

Th^nard's  blue,  884. 

Thomas  and  Gilchrist,  Messrs.,  discovery 
of  basic  Bessemer  process  by,  850. 

Thomas  on  occlusion  of  gases  in  ooal,  49. 

Thomas  pig-iron,  256. 

Tile-copper,  428,  431. 

Tilt-hammer,  802. 
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Tin,  alloys  of,  486. 

Ancients  on  use  of,  8, 

olasaification  of,  4S3. 

metallurgy  of,  480. 

ore  (black  tin),  smelting,  480. 

reverberatory  furnace,  480. 

refining,  481. 

re-melting  slags  and  redduesy 

482. 

ores,  469. 

assay  of,  472. 

distribution  of,  470. 

occurrence  of,  470. 

roasting  of,  474. 

in  reverberaiory  fur- 
naces, 475. 

the  Oxland  and  Hocking 

calciner,  475. 

separation  of  tungsten, 

479. 

oxide  of,  469. 

properties  of,  467. 

pure,  preparation  of,  468. 

pyrites,  470. 

Tin-plates,  iron  for,  287. 

Tin-smelting  in  blast-furnaces  in  Corn- 
wall, 483. 

in  the  Erzgebirge,  484. 

in  the  Malayan  peninsula,  484. 

Titaniferous  iron  ore,  140. 

Titanium  and  iron,  180. 

Tom,  gold- washing  in  the,  764. 

Torta,  686. 

Tooth's  mechanical  puddling- furnace, 
297. 

Tossing  of  tin,  481. 

Touch-needles,  761. 

Touchstone,  760. 

Tough-pitch  copper,  426. 

Treibheerd,  651. 

Troilite,  124,  131. 

Tronmiel,  184. 

Trompe,  171. 

TrooBtite,  503. 

Tungsten,  separation  of,  from  tin  ore% 
479. 

Tungstate  of  sodium,  uses  of,  480. 

Turf  and  peat,  34. 

Turgite,  134. 

Tuyer,  Lurman's  slag,  210. 

Tuyers,  Lloyd's  spray,  209. 

number  and  arrangement  of,  234. 

monkey,  209. 

size  of,  used  in  blowing-in,  250: 


Tuyers,  water,  208. 

Type,  printers',  487. 

Type-metal,  496. 

Tyrolese  mill,  787. 

Twiste^  copper  extraction  works  at,  450. 

UoHATnm'a  steel  process,  855. 

Unit  of  heat,  17. 

United  Kingdom,  production  of  iron  in, 

878. 
United  States,  anthracite  blast-fumaces 

in,  266. 

charcoal-kilns  in,  59. 

'~—  production  of  gold  in,  751. 

of  iron  in,  878. 

of  silyer  in,  666. 

Ural,  ancient  mines  of,  2. 

Yal  Toppa  mines,  792,  796. 

Yalentinite,  489. 

Vanadium  and  iron,  180. 

Tanner,  Frue,  781. 

Vamey's  pan,  Washoe  process,  707. 

—  operation  of,  709. 

Yauquelinite,  569. 

Yignoles's  patent  for  charring  peat,  67- 

Yitriolizatlon,  125. 

Yitriolizing,  separation  of  gold  and  silver 

from  copper  by,  801. 
YolatiUty  of  metals,  14. 
Yoltzite,  504. 

Waoneb's  rolling-mill,  819. 
Walker's  converter,  352. 
Walloon  forge,  281. 

charge  for,  288. 

method  of  operating,  288. 

treatment  of  slags  from,  284. 

hammer  and  anvil  employed, 

284. 

hammering  the  bloom,  285. 

tilt-hammer,  285. 

weight  of  bloom  from,  286. 

Washoe  process  of  amalgamation,  699. 

classification  of  orea  for,  700. 

breaking  of  ores  for,  700. 

stamping-mU],  701. 

settling-tanks,  706. 

collection  of  slimes^  706. 

r  pans,  706. 

separators,  712. 

agitators,  714. 

1  retorting  and  melting,  715. 

tailings,  716. 
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Wofihoe  prooesB,  results  obtained  by,  717. 

chemical  relations,  717. 

arrangement  of  works,  718. 

Boss's  system,  718. 

Wasserlaiigerei,  727. 

Waste  gases,  utilization  of,  284. 

first  attempts  at,  284, 

Budd's  improyement,  234. 

inflammable,  utilization  of,  96,  235. 

collection  of,  in  Sweden,  285. 

at  Darlaston,  286. 

by  cup  and  cone,  287. 

in  Germany,  287. 

at  Barrow,  288. 

at  Groamont,  288. 

Langen's  apparatus,  287. 

composition  of,  289. 

•^—  from  furnaces  using  raw  coal,  240. 

collection  of  tar,  &c.,  in  Scotland, 

'    240. 

solid  matter  carried  over  by,  241. 

Water,  miner's  inch  of,  769. 

Water-balance,  248. 

Water-gas,  107. 

—  producer,  Strong's,  108. 

Water-jacket  furnace,  Coueron,  618. 

Leadville,  625. 

Pontgibaud,  616. 

Water-tuyer,  208. 

Weathering  of  iron  ores,  186. 

Weissstrah],  255.  ' 

Welsh  method  of  copper-smelting,  ores 

treated  by,  417. 

mixing  the  ores,  417. 

calcination  of  mixed  ores,  419. 

— fusion  of  calcined  ores,  423. 

calcination  of  crushed  coarse 

metal,  428. 
fusion  of  calcined  coarse  metal, 

423. 

•  roasting  white  or  pimple  metal, 


424. 


427. 


-  refining  and  toughening,  425. 

-  making  "  best-selected,"  427. 

-  use  of  phosphorus  in  refining^ 


modifications  of,  428. 

Weatman's  gas-kiln,  197. 
Westphalian  hot-blast  stove,  228. 
Wetherill  process  for  zinc-white,  520. 
Wheeler's  pans,  707. 
White  arsenic,  manufacture  of,  497. 

pig-iron,  126,  254. 

metal,  424. 
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Whitwell's  hot-blast  stove,  282. 

dimensions  of,  238. 

Whitworth's  compressed  steel  ingots,  865. 

Widmanstatten's  figures,  181. 

Willemite,  508. 

Windofen,  169. 

Winslow's  squeezer,  810. 

Wbhler's  aluminium  process,  529. 

Wolfram  in  tin  ore^  479. 

Wollastonite,  204 

Wollaston's  platinum  process,  818. 

modification  of,  814. 

Wood,  air-drying  of,  80. 

aah  of,  82. 

calorific  power  of,  21, 

composition  of,  29,  82. 

dried  at  186*  C,  80. 

hard,  80.  '     / 

water  in,  29.  j , 

specific  gravity  of,  81.     \ 

soft,  80.     • 

iron  ore,  184. 

Woodsy  charcoal  yielded  by,  68. 
Wootz,  881, 
Work-lead,  682. 
Wrought-iron,  analysis  of,  878. 

carbon  in,  126. 

—  preparation  of,  direct,  168. 
from  cast-iron  in  open  fires, 


\ by  the  reverberatory  furnace, 

288. 

production  of,  878. 

quality  made  in  Yorkshire,  295. 

Wulfenite,  669. 

YxLLOW  metal,  467. 

Zaoatboas,  patio  process  at,  686. 

Zafires,  884. 

Ziervogel's  process  for  extracting  silver, 

727. 
materials  suitable  for  treatment  by, 

727. 
roasting,  728. 

—  composition  of  charges,  728. 

testing  roasted  ore,  729. 

use  of  hard  wood  as  fuel,  727. 

loss  of  silver  in  roasting,  780. 

lixiviation  and  precipitation,  780. 

treatment  of  precipitated  silver,  732. 

—  employment  of  precipitated  copper, 
782. 
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Ziervoger«  and  Augustin's  procenes  com- 
bined, 732. 
Zinc,  ancient  use  of,  0. 

blende,  501. 

carbonate  of,  502. 

combustion  of,  499. 

commercial,  analyses  of,  499. 

gris  de,  analysis  of,  500. 

r  extraction  of,  roasting  ore,  510. 

_ Belgian  process,  512. 

English  process,. 511. 

grinding  calcined  ore^  510. 

Silesisn  process,  520. 

in  the  United  States,  519. 

furnace,  Silesian,  at  Llansamlet,  521. 

metallic,  first  nlention  of,  498. 

". metallurgy  o^  510. 

natire,  501. 

ore,  red,  501, 

ores,  500. 

ores,  assay  of,  506. 

fire,  506. 


'Zinc  ores,  assay  of,  hamid,  506. 

— Yolumetrie,  507. 

• preparation  of  re-agents, 

508. 
estimation  of  the  sine, 

508. 
interference  of  foreign 

metals,  509. 

distribution  of,  504. 

oxide  of,  as  a  pigment,  499. 

oxysulphide  of,  504. 

production  of,  606. 

properties  of,  498. 

pure,  preparation  o^  499. 

sheet,  525. 

silicate  of,  508. 

sulphate  of,  504. 

white,   preparation  of,  from    sine 

ores,  520. 

. from  metallic  zinc,  620. 

Zinc-brass,  ancient,  6. 
Zincite,  501. 
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